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bpk gmp pipuui giuhl[nLpjnih mhkp Lfkqiugpk[nipk± np Ikl[ph, 
imqiu lip ifkijiuqpkp ifkq, iu][ ifkqwppuihp liuipijuigkp ifuipkifuiinplqwjph: 
Ukhp kpuipinuhuil^hkph khp ifpuijh: 


fe SmpmU £ui]l]iut{mii SkHnxp]mk]i 

Lnp fe UuipbiimmJilimljmb Sbuni_pjni_li % flpni[hbmk 

1JI, % lynp, 

1) Ubp umbqbmb uibunLp]nLli]i Unp t, npni|hhmli rnjli umhr[hL[h^li quipquigijbpb 2012 - 2019pp.: 

2) Ubp umbqbuib mbuni_p]ni_tiji ^Ji huiljmunLii pnpnp hjili b mijmUquilpiiti mbunLp]ni_bbbp]ib: 

3) ZJib b mi}mhquilputi hmpmpbpmliuibni_pjuib mbuni_p]ni_bbbpp hmbqJiumbnLii bti duiiiuibuil^]i b 
Suipuifrni_p]uib Zuijlpnlpnb Sbuni_p]uiti liji puirn iluiubuiijnp qbiqpp iljiuijb, bpp S = 0 b g = -1 : 

4) b muipmhni_pjmb Zuijlpnlpub Sbuni_p]uib uipmuifruib pnpnp puibmdbbpp ni_bbb 
uijibqbpuilpnb pbmqp b npnbp bp hmbqJiumbnLii bb Pbm_p]uib limpbiimuiJiljmljmb ^2 ( lPl lul 
uipmmiquiuiljbpnLiip (Philosophiae naturalis principia mathematic, Jib^iqbu Ipnubp ilbbb U]ni_mnbp): 




bb qppuiupnhuipuibbhpp pi bb ^hpmmmpmlp|mb qjimmlpuh m 2 bimmni_pjni_bbhpnib 
npnbp Ipniluig-lpniluig lp 2 mgmhui]un]hb u^luuiphfi q{iuimL[mb hmumpmlpiLpjmbp 

(17 2,nbb]iu]i 2019p., bpbuib) 


«2,m]bmbmb 2,uipmpbpmbmbnLp]mb SbunLp]nbb» qbppp im]uipmbpn_g hbrnn ilbbp ui]b qpuibghgfibp UUL-ji 
Ipibqphuji qpmqmpmbnbii, 21 Uklpnkilphpli 2012p., ^p2 m m ]b opp bpp pnpip hnqni. uinbuipuibuibbkpp 
qnbdnuf t]ib bplj]ip ilnpipuit[]i b ifmpqL[nLp]mb Ipipkuibnulp: 

Ubp qjimmlpnb hnqi]uikbkpp ni_bkb hkmh]uiphkq]ibmlpn]]ib ]ipmi]nLbpbkpp. TXu 001-338-952 / 2007-02-02, 

TXu 001-843-370 / 2012-12-21, VAu 001-127-428 / 2012-12-29, TXu 001-862-255 / 2013-04-04, 

TXu 001-913-513 / 2014-06-21, TXu 001-934-901 / 2014-12-21, TXO 008-218-589 / 2016-02-02 


04 


UuiiIuibuilQi b Suipuikni_pjmb 2,ui]limlpnb Shimi_pjni_b 














Sbuuilpub linrn 100 uiuipji Tjuipuilp|uib t pnpnuinLpjuiLfp lx uijq h]n|mlipnLp]miip v[mpmljlii^ t 

pnpip ^>]iq]il|nulitp]ili: lunugu uquiqbu Ipi^Ljuib <<ZuipuipbpuilpubnLpjuib CbqhuibnLp Shuni_p]uiti» iimu]ili 
t: Uju i]uipuil[g Jubqqmif t iluipqlpubg LfuiuibnqnLpjnLbp li quipAbmil t bpuibg mbiquinLq tuil[bbp]i: fcij 
upuuiuihuilpub np i|bp2jib 100 muipi]ui gbpuiggnLil lijiiujli £_uuibqbL|bg]ib linp unjb|]i ^^P] 11 ^ 
^]iq]il|m]]i uibunLpjmbbbp, uijp mbqmii iljib^ uijq uuibqbijmb liinpnLp mbunLpjnLbbbpp uijq i|uij lpi£_i|uib 
^]iq]ilj n ubbpp ulpibg}ib mjpuubpb]^ qpuibp, qmpAbbpiL[ uqb mqp: PuigmnnLpjnLb Ipupbpfi t hunluipbp 
lijimjb bplpiL pijuibuiuijjib bbpmtijilpntibpp, npnbp umbqbi[bg]ib bmjuljjib LfuiuibnqnLpjuib |ibbpg]im]m| 
odunjuib ^)]iq]il|nubbp]i Ipiqiljig, npnbg ni_qbqtibpp qbn ^t]ib hmugpbi^mpmlpIbppnpnmnLpjuiilp: 
cfuiiliuhinljli b Suipuibni_p]uiti Zuijlpnlpnb SbunLpjnLbp (Zuijlpnlpnb ZuipuipbpuilpubnLpjuib SbunLpjnLbp) 
uuibqbbjjiu bu Jibpu hui<£ui}u bii pnbbgpbj^ Jili^ uqb Lfiuiuui]i i|pm, np bu bmjbiqbu |pjiv[ ^bii limppi^b^ m 
pnLdi]bpuijq bppuijuilpub pnpnmnLpjnLb]ig b qbn bplpup <£uibunqmph mbbif mbgbbpiL: 

Ubp lpiqiljig UpUpi|nq mbunLpjnLbbbpp bupnuiuili mbbb Ljiplqbp Lfuipqlpn_pjuibq mjq hmiimmmpmb 
duibuiuijuuijig b puigb^ ifJi bnp Upilbbn]iqbbp]i nul^b quipu^pguib, qbpb miibb mbumlj hnqblpub, 
limmi^np b iimpiibml|mb mjumbp]ig: Zbbg qm b ilbp mnmpbpiLpjnLbp b UpUp]i^p ilbq unquiL|bb: 


dmiimbml|]i b SuipuibnLpjuib Zuijlpnlpnb Zmmmlj SbunLpjmb ilbg, 1* mmppbpnLpjnLb uiLjmbquilpub b 
dmiiljbmmbg hmpmpbpmlpnbnLpjuib uibunLpjnLbbbp]i, ^>|iq]iljmljmb ilbbnLpjnLbbbpp, qjiuiuiplpq b 
qjimuiplp]nq hmiimljmpqbpp blpupmqpi]nLL[ b dbl[buipuibL|nLL[ bb hbuibjuipl[bpiq. 


1. cbmiimbml^p b uiuipui&nLpjnLbp hmiimubn ^bb (not uniform): 

2. (Jmiimbmljp b uiuipuibnLpjnLbp hunluinLqqnpqL|mb ^bb (not isotropic): 

3. Pnpip qjimmpljnq hmiimljmpqbpp JibbpgJraqbb (pum Zuijlpulpub Lfbl|buipuibnLpjuib): 

4. Trjimmpl^ilnq hmiimljmpqbpp nLbbb IpuLfuquilpub mpmqnLpjnLbbbp: 

5. UbqpuiquipAL|uib b hmlpuquipA 2 m P ( JnLL[bbpq Jipuip hunluipdbp bb: 

6. UJiuiuiplpq uibAJibp b q]iLnmplp|nq limubjiljbbpp qmbL[nLLf bb ]ipbbg hmdmupuuiLnuJumb 
hmiiml|mpqbp]i ul|qpbml[buibpnLL[: 

7. Trjimmpl^nq hmiiml|mpqbpp umjnpmpmp ljb 2 uiqpbbp A, |i b V umnpjib gnLgJi^bbpmj: 

8. Trjimmpl^ilnq ilmubjiljp LqmpnLbmljnq huiLfuilpnpqp l^uiqpbbp O umnp]ib gnLgJiynj: 

9. 3nLpmpmbynLp ^liqjdpiilpiib LfbbnLpjnLb blpnpuiqpL[nLL[ t bplpiL umnpjib gmgji^bbpmj, pbqnpmil 
mnu^Jib gmgjiyi b2nLil t pb np huiilmlpupq]ig t ljuiuimpL[nLL[ qJiuiuiplpiLilp, Jmlj bplqinpq gmgjiyi 
b2nLii t pb np hmLfml^mpqnLii t qmbi|nLii qJiuiuipl[L|nq iluiubjilpi: 

10. 3nLpmpmbynLp iluiub]il|]i 2 UipdnLii bljmpmqpilnLii t n^_ ii]im]b Jip nLpmb qjipgp bl^mpmqpnq 
qjimmpl^mh hbnmL[npnLp]mL[p, mjj^bmb bljmpmqpL[nLL[ t Jip nLpnLb dmiimbml|]i pbpmgpp 
bljmpmqpnq qJimmpljL[md dmiimbml^nL[: 

11. Ubp m 2 jummnLp]mb uqu bppnpq hmmnpnLii pnpip ^)]iq]il|mljmb libdnLpjnLbbbpp libbp l^qpbbp 
iibbmmmnnL[ b IpnbLjuibbbp qpmbp l^mbnbmljmb ^>]iq]il|ml|mb ilbdnLpjnLbbbp, np|i Jufmum cqmpq 
bqmnbiu ilbq hu^npq hmmnpbbpji ilbg, hmmljmLqbu bnm^miji uiuipuibnLpjuibp bL[JipL[md 
hmmnpbbpnLii b oiqbpmmnpmljmb hmbpmhui2L[]i bbpiinLhLfmb pbpmgpnLii: 

12. UmLfmbml|]i b SuipuibnLpjuib 2,m]ljml|mb SbunLpjmb dbg libbp pbqnLbnLii bbp np Lqmmmhmpbbpp 
uibq]i bb nLbbbnLii Lqmm^mnmhbmbmbpm]]ib l|miq|i 2bnphJiL[, npnL[hbmb libbp pbbmpl^nLii bbp 
LfmubJiljJi 2uipdLfmb l^mLf qm2m|i mmpmbiimb qbcqpbpp b hbmbmpmp 2,m]l|ml|mb ii]i2ml|m]pbp]i 
qji^^bpbbgjimpbbpji pmnmljnLuJibbpp ii]i2m Lqbmp t pfibbb qpmljmb ilbdnLpjnLbbbp, bpb ^Ji 
uiuLjnLil mjppmb: Pulj mL[bjJi Up|i hbuiuiqnuinqbbpp pnq pbbmpl^bb bmb pmgmumljmb qbcqpp: 


dmiiuibrnbli b SiapLabnLpjLab Zmjljmljmb SbunLpjmb 


05 








ft <iHmifuiljuipqbp]j% %nqifjwf 

bl]^^pmqpi[nq Suipphp fifiqjilfiulptfb UttBSggBBlttihpJi 
^mjliuilqmb Wt% 6 teij^/331 bhbpp 


Ubp ui2juuiuinLp]uili bplpmpq huimnpnul ilbbp puiguihuijuibg]ihp np mi]uihquil[uih 
huipuipbpuit[mbni_p]uih mbuni_p]uib ilbg qn]ni_p]ni_b n 1 -^! 1 bbpqpijuid ilmpbiimmJiljmljmb 
]unp ^qbmdmii: fcij npiqbuqji ilbbp huiqpmhmpbbp uqq ti2i]ui& ^qbmdmiip, imqm 
mbhpmdb2m b np dbtip bnpnijji bbl[huipmhbbg 2 mui tpnpbnp huiut[uignqni_p]ni_hhbp 
uihv|mhbpnv[ qpmbp Zuijt[ml[uib bbl[bmpuihni_p]ni_bbbp: U]u puidbnul ilbbp muiptiu blip 
hbqim]in|uml^mb bblibuipuibni_p]ni_bbbp «}ibbpg]imp hunluit[mpq», «q]immplp]m& 
dunluibuilp b «huipiluipun]bm dunluibuilp (proper time)» huiulpuignqni_p]ni_bbbp]ib: 
Pbpqbu buib 2uim ilmbpmiimub blpuipuiqpnul bbp «&buii]in]uni_p]uib hmi]uiuuipni_ilhbp» 
b «uibqpuiquip&i]ui& 2uipdni_if» huiulpuignqni_p]ni_bbbpg: 

x bbpnh 2 ]ui^ huiul[uignqni_p]ni_bbbp]i Zuglpuilpuib ilbt[buipuibni_p]ni_bbbp]i IpJipumnuIJig 
hbrnn lijimjb hbuipun|np lpjib]i b ^qbmdmiiji hmqpmhmpnLiip b bmub]iljbbp]i 
puiqifni_p]ni_bg npiqbu ilblp miipnqgm-P ] 111 ^ 1 2 m P c Wuib Ivilnipji pni_&nulp: 
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dmbmhmlQi b Suipui&ni_pjmb Zuijlpmlpuib Sbuni_pjni_b 










\ 

Ubp u^juuiuimpjuib ctuivtuiliuil^Ji b Suipuibnipj uili Zuijlpulpub SbunLpjuib (limjul[]ili 
Zuijlpulpuh buipLupbpuiljuilinLpjuib SbunLpjuib) uinuipjbi b bpljpnpq huiuinpbbpnLb bbbp 
uinuilig i]ini]in|unLp]uili oquiuiqnpbbg]ibp mijuibquiljmb hiupuipbpuiljmbnLpjuili uibuni_pjuiti 
hJibbuiqpnLjphbpp b huiuljuignqnLpjnLtibbpp, puijg bjiuijb uijh uiuippbpnLpjuibp np 
mbuni_p]uili l[mnni_gilmb pbpuigpnui bbbp bquihp Upji, UqbfiL[ b Uhljbqb: 'lui bp bbp 
hu^nqnLpjuih quiquibfipp: 


Uhui uiijuibquiljuili huipuipbpuiljLubnLpjLuh uibunLpjuib bbp oquiuiqnpbuib hJibbuiqpnLjphbpp 



< 


1 . 

2 . 

3. 

4. 




3)liqJilpuj[i hJiGGwpuip ophGpGhpp niGhG GJiUGnijG iIuiptuSuiuijilpulpuG uihupp pnpip |iGhpg|iuq himiual|uipqhpniii: 
Q-njnipjniG niGJi uiJihqhpuiljiuG huiumuiuiniG uipiuqnipjniG C, npp GmjGG t pnpip (lGhpgfiuq hwiiuilpupqhpind: 
Pnpip jiGhpgJiuq huiduilpupqhpniiS duiGiuGuil}p U rauipuidnippiiGp hunSuiubn hG: 
bpljm uiGippp dnin iquiiniuhiupGbpJi GJijb <uijlpulpuG liJijuiljiujpli piunuiljruuni qJi^^bpbGgJiuqp bp^ui^i 
muipuidnipjuiG Ghj, npujhu hbnuulnpnipjuiG Gb&nipjniG, GnijG t pnpip himiuilpupqbpjig i]]iinuiplpSuiG qbiqpniG: 



cFuibuibuilj]i b SiupuibnLpjuib 2,uijlpulpub SbunLpjuib (Zuijlpulpub buipuipbpuiljiulmLpjuib 
SbunLpjuib) ilbp uinuipjib huiuinpnul, bbuipni) mijuibquiljmb huipuipbpiuljiulmLpjuib 
uibumpjuib 2 P 2 m ^ lul ^tpnLii, ilbbp hbuimqnuibgjibp JibbpgJimp qfiuiuipljnq huibuil]mpqbp]i 
qbujpp (puui buijljmljmb bbljbiupuibnLpjuibp) b uuiuiguibp q]nnLuplp|nq buiub]ilj]i 
uinuiligpuipi|bp]i <Uiun]in]unLpjiub un|bpfi pbqhuibnLp huii|uiuuipnLbbbp nL 2unn ui]p Ijuipbnp 
uinli^nLpjnLlibbp uilii[uitibpni[ qpuitip Zuijlpulpuh &bmi]in]unLpjnLbbbp b 2,uijlpulpub 
uintiyii_pjni_libbp: bul^ d'ua[uibuil[]i b SuipuibnLpjuili 2,uijlpnlpnb SbunLpjuib (2,uijlpulpnb 
biupuipbpuiljmbnLpj uili SbunLpjuib) bbp bpljpnpq huiuinpnLb, bnujbujbu bbuipni) 
mijiuliquiljuib huipuipbpuiljuitmLpjuib mbunLpjuib 2P2 m ^ m ^i^P nL1 ^' bbbp hbuiuiqnuibgjibp 
JibbpgJiLup qjmiuipljnq huibuiljuipqbpji qbvqpp (lj]ibbbuiui]ilpu) b uuiuiguibp qjunuip^nq 
buiub]ilj]i uinLubgpmpL[bp]i q)i$$bpbhg]iuqhbp]i bbun]in]unLpjuib huiL|LUULupnLbbbp nL 2uiui 
uijp Ijuipbnp mnb^nLpjnibbbp: Puijg uiju qbiqpnLb bbbp gnijg uu[bg]ibp np uipmuibijiub 
huipuipbpuiljuib uipuiquigbuib puibuibbbpji bbp qnjmpjnib nbbbb huiljuiunipj nibbbp b uijb 
bbbp huibbbuiuibgjibp uibgjuip quipji ^JiqJiljLujnLb nLpuipuibuibJipuiljuiqnLjti buinuiquijpbuib 
bqbmduibji hbui: UjhnLhbuib bbbp huijuiuipuipbgjibp np uijq bqbuichubfig LjLupbjji b 
uiquiuu[bp LjbpuibuijbpnL) «q)iuiuipljL[uib chnbuibuilj» huiulpugnqnLpjnLbp b bnpm|Ji 
bpuiqpbpnL) pnpnp $]iq|bpiilpub bbbnipj nibbbpp: 
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Nihpgjiui]^ huiduilpuipq huiulpuignqnLpjuih uuihduihni_dp pun|uilpuih qdi|uip qnpb b, 
huiuilpuiupbu bpb uuihduihijuib ^b uijibqhpuilpuih puiguipAuilp uihpuipd huiduilpuipq]i 
qn]ni_pjni_hp h huiulpuignqni_pjnLhp, npji hlpuiuiduidp dbbp Ipuipnq blip npn 2 bp unjjuip 
huiduilpuipqp 2 m P c N. nu f b huiumuimnib uipuiqnipjuidp pb 2 m pdi]ni_d b uipuiquigifuiifp: 
Ui|uibquilpuib huipuipbpudpuibnLpjuib uibuni_p]uih dbg JibbpgJiuip huiduilpuipq]i uuihduihni_dp 
Jip dbg pnbpuijb phqnihni-d b puiguipAiulp uihguipd huiifuit[uipq]i qnjni_pjni_bp: bull 

d"uiduihuilp]i b SiupuibnLpjuib Zuijlpuilpuib SbunLpjuib dbg, duiub]ilp]i uinuihgpuipi|bp]i 
^buiijinJunLpjuib huii|uiuuipnLdbbp]i uipuiuibduih pbpuigpni_d, dbq huiiluip uijbpuib bp 
uibhpuidbgui £b npiqbuqji bplpni. qjiuiuiplpnq huiduilpuipqbpp quiuuil]mli ]iiiuiuuini| jjilibli 
JibbpgJiuip huiduilpuipqbp, npnijhbuili ifbp Ipnqdfig oquiuiqnpbijnq iluipbiiuiui]il[uil[uib 
d]igng]i 2 bnphju[ djiuibquiduijb puiijuipuip b np uijq bpljm_ qjiuiuiplpnq huiduilpuipqbp]i 
iJinJuuiquipA. huipuipbpuil[uili uipuiqnipjnihhbpp pjihbh huiumuiuinih dbbni_pj ni_bbbp: 
Ujqiqjiuji huiuilpnLpj uidp oduiijuib huiduilpuipqbpp dbbp lpuihi|uihbbp JibbpgJiuipuihduih 
huiifmlpiipqbp, uijuni_hbuih ]ihbpg]iuip huiduilpuipqbp pum 2,ui]lpuilpuih dblpbuipuibni_pjmb: 


Prnli b ^Jiuimplplmd tfuufuihuilp) Zmulpuignipni_pjni_hp 
cfuiilmtimlp]i b Suipuibni_pjinti Zuijlpuilpuili StunLpjmh Ubg 


Cuipdijnq duiub]ilp]i Ipuid upuiuiuihuip]i «q]iuiuiplpi]uib duiduihuilp» huiulpuignqni_pjni_hp 
unjiuhquilpuih huipuipbpuilpuihni_pjuih uibunLpjuihp bijjipijuib qpiulpuibnLpjuih dbg uijhpuih b 
]uddi|uib b upuidnLdi|uib uidupuipuipnLp]ni_hhbpni|, np qdijuip b ui]b huiulpuihuip, nminji bu 
tpJmpAbd puiguiuipbp phpbpgnqhbpjih uijbupbu Jib^upbu bu bd huiulpuibnul: Tqnu hrnduip 
huiju dbbp huiuuiuiuibbp uqb JipnqnLpjnihp n P qfiuiuiplpnq uibbp (observer) quibi|ni_d b 
qjiuiuiplpnq huiduil[uipqnLd (laboratory) b q)iuiuiplpi|nq duiuhfilpp quihi[nuf b dblp uqp 
huiduilpuipqnul: Puigji qpmbjig 2 m pdi[ n q duiuh]ilp]i duiduihuilpp n^ pb Limpbpji 

b ^uiijibp, uqp ui]b tpupbpb djiuqb huigilbp oqun|bpm[ lpuqni_h (Lorentz invariant) ubijiuilpuih 
duiduibuilp (proper time) huiulpuignqni_p]niAiJig hui]uib]i puihuiAhJi oqhnipjuidp: Uijuihquilpuih 
huipuipbpuilpnbni_pjuih uibunLpjuib uibuuihlpjnLhfig, pnpnp q]iuiuiplpi|nq duiub]ilpbbp]i 
hrnduip q]iuiuiplpL|uib duiduihuilpp huiduipi|nul b ling bp, npni|hbuih Jipbhg oquiuiqnpbuib 
duipbduiui]ilpuilpuih hguiqpnidhbpji djigngp hbmpmi[npni_p]ni_bp ^]i uiuipfiu uiuippbpuilpbpni.: 
fci[ ui]u ^puipA.puiA.ui]bi[uib ijiuiuuip huibqbgpbg dqliuiduidji, npp dbbp 2 m P ulI H 1 bg]ibp 
buijunpq bgnul: ’dbpnbgjuip dqbuiduidjig dbbp Ipuipnq bbp qnipu quip huiqpuilpnh, hnpnijji 
bguiqpbpml «q]iuiuiplp]uib duiduihuilp» huiulpuignqni_p]ni_bp: Tpui huiduip q]iuiuiplpL[nq 
duiubjilpb uinuibgpuipi[bpp q]iuiuiplpi|uib duiduiliuilpp b duiulijdp] 1 uibqp, dbbp lphguiqpbhp 
bplpni uuinpjib gnig]i^bbpni[: Unuiglib gntgji^p lpb2l 1 pb n pb b qjiuiuiplpnq huiduilpuipqp 
(laboratory) b bplppnpq gnigji^p lpb2b pb np huiduilpupqnid b quibi|nLd q)iuiuipl[i[nq 
duiubjilpp: Pb^upbu lphuidnqi[bbp dbp ui 2 ]uuimni_p]uib ui]u bppnpq huiuinp]i «Zuu[bpi[uib 2» 
puidbni_d, «q]iuiuipl[i[uid duiduibuilp» huiulpuignqnLpjuib Zuijlpulpub dblpbuipuibnLpjnLbp 
pp]u[ pnrbnLd b puiguihuijuiijuib dqbuiduidp b puignrd b bnp hbnuililpuipbbp duiuli]il[bbp]i 
huidui]udp]i 2 uipdduib JubqJipp pp]ii[ni_p]uidp hbuiuiqnuibpni. b pnibbpni hrnduip: Cbqnpntd 
uiuippbp duiubjilpbbpji qjiuiuiplpi[uib duiduibuilpbbpp Jipuip huu[uiuuip ^bb: Puigji ui]q Jujiurn 
uibhpuidb 2 ui b np dbbp d]i 2 ui uuihduibbbp b hui 2 i[tbp 2 uipdi[nq duiubjilpji qjiuiuiplpi[uib 
duiduibuilpbbpp, npni[hbuib duiubjilpji uinuibgpuipi[bp]i <ibuii[in]uni_p] uib him[uiuuipni_dbbp]i 
dbg hbbg uijq dbbnLpjnibbbpb bb oquiuiqnpbi|nuf: 
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tljchl bbbp guibljuibnuf blip Junubp llblj uijj_ i[bbni_pjmb hmpifmpun|bin, Ijunf un|b|]i 
ubijimljmb dunluibuilj (proper time) huiuljmgnqnLpjmb ifuiujib, npp hmbqjiumbnuf b 
qjnnmpljnq hunluiljmpqbpjig mbljm]u ljmjm_b (invariant) ifbbnLpjnib b npp mi|mbquiljmb 
huipuipbpmljmbni_pjuib mbum_pjuib ifbp b (Lorentz invariant): bpbbp bmh np 

uii|mbquiljmb hmpmpbpmbmbnLpjuib uibunLpjndip ijmjumbmlj oquiuiqnpbbjni_ « ubijimljmb 
chmlmbmlj» hmuljmbmj]i bqpm_pp, ^qjnnbu Jibyn. buijupbmpbp b oquiuiqnpbbp ifjiuqb qpui 
$pmbu]im-jmm]ibmljmb mmppbpuiljq « proper time» bqpnijpp, qprnbni) Jiulj qp^bgii) ilbq 
bpbnip]i pnib ^JiqJil^uiljmb JnJmump hmuljmbmjni. hbmpmi|npnL.p]ni.b]ig: cfunimbmlj]i b 
Smpm<5ni_pjuib Zuqljmljmb Sbuni_pjmb ilbg bbbp il]i2 in oquiuiqnpfcnuf bbp « ubijimljmb 
dunlmbuilj» bqpmpp b pmb]i np ui]b huibqfiuuibnul b IjmjnUi ifbbnLpjnib, unqui uijq ijimuinp 
hjiiip b hmbq]iumbnul ilbq hunfuip bbpifnLbbjni. puiguip<iuit[uiliiiuib dmiluibuilj]i, mjum_hbmh 
puiguipbmlj dunluibuilj]i hmuljmgnqni.pjni.bp: flpjig hbmn pbmljmbmpmp bbbp umhbmbni_b 
bbp puiguipbuilj ^JiqJiljmljmb bbbnLpjnbtibbp]i hmuljmgnqnLpjnLbq b qpmbp mpuimhm]uinib 
hmbuiujmmmujumb n^ puiguipbuilj, mjunLhbmb uibquiljmb, ^JiqJiljmljmb bbbnLpjnibbbpnib 
Jib^ujbu bmb ummlmib bbp mjq bnp bbpbni_bi|uib puiguipbuilj ^JiqJiljmljmb bbbni_pjm_bbbp]i 
A.hun]im]uni-pjmb hun|mumpnulbbpq: 

Ubp u^Jumuinipjuib uqu bppnpq hmumpnib bbbp pbqnibnut bbp np pnpip qjiuiuipljnq b 
qjimuiplpjnq hmbubjmpqbp nbtibb bfibbnijb «lj 2 )inp >> , mjufibpb mjq pnpip huibuiljmpqbpq 
Jib^ np Julmumnij Jqitup huibuipdbp bb b hbuilimpmp qm b mjb ujuimbuinp np pnjnp 
qjimmpljnq b qjunmpljijnq huibuiljmpqbp]i ubijimljmb dmifmbmljbbpp bnijbujbu ]ipmp 
hmijuiump bb: Pmjg bbp mpjummntpjmb hm 2 npq hmmnpbbpji bb2 pnjnp qjimmpljnq b 
q]immplji|nq huibuiljmpqbpq ljm_hbhuih uimpphp «lq 2 l ir? bhp» b hbmbmpmp buiubjbj] 1 
qjimuipljijmb dmbmhuilj]i hui 2 i]buih hmbmp bjimhpuihuilj bbbp ujbuip b oquiuiqnpbbbp 
qjiuiuipljnq huibuiljmpq]i ubijiubjuib duibuihuiljq, npp b puirn pbuiljmh Jipnqnipjnib b: 



d"mbmhuilj]i b Suipuibnipjuih Zuqljmljmh Sbumpjmb bb2 bbbp puiguihuij rnnul bbp np 
qnjm_pjni_b nibbb npubjuiujbu JipmpJig mmppbp bpljni. uibuuilj]i dhuii[in]uni_pjni_hhbp: 
tlnm 2 ]ib uibuuilj]i <Uiun]in]unipjnLhq qm uqb qbiqpb b bpp bpljni_ huibuiljmpqbp 
i]m]umqmp<impmp qJnnuipljnLb bb qjibmgji huibuiljmpq]i uljqpbmljbui]i 2 m P ( ^ ni - 1 ^B b 
umuibnul bb mjq utjqpbuiljbm]i uinuihgpuipi|bp]i bhmi[in]uni_pjmb hunjmumpnulbbpq: f*ulj 
bpljpnpq mbumlj]i &hmi]in]unipjnLhq qm mjb qbiqpb b bpp bptjni. mmppbp huibuilpupqbpjig 
qjimmpljmb bb bblj uqp huibuiljuipq]i uljqphuiljbmnLb qmbijbq buiubjilj] 1 2 m pbnibp b 
umuibnul bb mjq buiub[ilj]i mnmbgpmpi]bp]i bhuii[in]uni_pjmb hun|mumpni.bbbpq: 
bpljpnpq mbumlj]i A.hun]in]uni_pjmb hun|mumpni.bbbp]ig hbuipun|np ^b ummbrnj mnmpjib 
mbumlj]i <lhmi]in]unipjmb hun|muuipnLbbbpq b hudjmnuiljq: Pmjg q]unmplji|nq bmubjiljb 
mpmqnip] m_hhbp]i bhuii[in]uni_pjmb uinbynpjnibbbpjig, npujbu buiubuii|np qbujp, 
hbuipun|np b uinmbmj iJmJumqmpA. qjiuiuipljijmb hmbmljmpqbp]i uljqpbmljbmbp]i 
mpmqnLpjnLbbbpJi A-bmiJinJunLpjmb mnlqnLpjnibbbpp: 

Pulj mijmbqmijmb hmpmpbpmljmb mbum.p]m.bbbpp qmqmijimp mbqmb ^m_bbb bbmbmmjiuj 
Abmi[in]uni_p]m_hhbp]i qnjntpjmb bmujib b hmbqjium i|uqhjnul bb Jipbbg mbijimnni.bmlj 
qnjmpjnLbp, qpiijubbpp Jupmb mbmujmm]i irnup mi[mq|i ilb2: 
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ffl^jmJunLpjbii ^gifjuqpliattifcpii 


fcbpuiqpbbp np dbbp mbbbp bpljm qjiimuplinq (laboratory) huiduilpupqbp, npnbg dbbp 
mnuijdd iqmjdmbuilpnbnpbb t[mbijmbbbp mnuigjib b bpljpnpq qjiuiuqilpiq huiiiuit[mpqbp: 
Cbqnpmd mjq bgijmb bpljm qjiuiuiplpq huuTuiljuipqbpJig «djimduiduibml[» ifblip 
qJimuiplgiLd bbp 2 m P ( ^ l l nr l dmubjil[ji ijmppmqjibg, npp pbuilpubuipuip qmbiJnLd b dbl] uqp 
huidmtpupqmd: bbpuiqpbbg mnuigjib b bptpnpq qjimnpqbbpp Jib^ np dji upnhji, ^uujibp bb 
guipdijnq diuubjil]ji uinmbgpuipijbpp (duiubJilQi rnbqp dmduibuil[-hbnmi|npnLp]nLh bplpunji 
uimpuibnLpjuib dbg), Jibpqbu buib bpuibp ^unJibL bb qnrjqpbt[bp qjnnnpq huiduil]mpqji 
guipdduib mpmqmpj mbbbpp: Ujq qbiqpmd, opjibudjji huibrnp, mnuigjib huidmtimpqji 

qjiuinpqp Ijuipnq b quipduigbbp bplpinpq huiduiljmpqji qjnnnpqjib huquibbpnj np Jibpp mbji 
dji Ipujuuipquilpub qnpbjipuilpuqd npnbg oqmuiqnpbduib djigngmj Jibpp Ijmpnq b 
huiuuiuiuiunqbu iqliqb^ pb JibpqJiuJi qjunuipljilmb uipqjndipbbp b bui qpuibgbp 
huidmiquiuiuiujumb dbbmpjmbbbpji pmjidmb qbiqpnui: lining Jib qjiuinpqp bduibmiqbu 
Ipupnq b quipifuigbb^ bplpinpq qjnnnpqjib, IjmbJummbubgiiJ dmubJilQi mmppbp uiq 
dbbnipjnibbbpji uipuiqnLpjuib, uipuiquigduib, bbbpqjiuqji b pun]i]i bpui 
pmjnub dbbnipjmbbbpp: 'bduib dlinij l^rnpnq b vJ m P l l^L buib bplpnpq hmdml[mpq]i 
qjiuinpqp, huijmbbgnJ np Jibpp bmjbiqbu nibji qnpbjipuilpuqd, npnbg oqbnipjuidp Ipupnq b 
dgqpmnpbb «qni 2 uil]tq» mnuigjib hmduiljuipqji qjimnpqji pmjnub dbbnip] nibbbpp: 
tljq l[mjumpqmlpub qnpbjipuilpuqdbpp, npnbg gbnphjnj qjimnpqbbpp IjmpnqmbnLd bb 
IjmbJummbubp dbl] uiq hmifuilpnpqmd qmbijnq qjimnpqji pmjinidbbpp hmbqJiumbnLii bb 
huidmiquiuiuiujumb ^JiqJdpidpiib dbbnipjmbbbpji niqjiq b huil]mqmp<l dhunJinJunLpjuib 
hmijmumpnufbbpp: bul] ijbphnul oquiuiqnpbijmb «djiuiduiduibuil]» b uqp qdijmpmdmpu 
hmuljmgnqni.p]ni_bbbpji mbhbpbpmpjnibhbpp (paradoxes) Ipjbpuibuib, bpp dbbp hbmuiqui 
hmmnpbbpnLii umhiimbbbp uijibqbpuilpub piuguipduil] uib 2 uipd huiduil]mpqji qmqmijimpp b 
hbmbmpmp umhiimbbbp bmb uijibqbpmlpub pmgmpduilj dmiimbml^Ji hmut|mgnqni_pjm_bp: 
chuduibuiljji b muipuibnLpjuib Zmjljmljmb Sbunipjmb dbg duiubjilpji uiuippbp ;j>jiqjilpulpub 
dbbnLpjnibbbpJi dhuiiJinJunLpjmb hmiJmumpnLdbbpp nibbb mjibqbpmljmb pbnijp, uqujibpb 
qpmbp nibbb djihbnijb dmpbdmmjilpulpub IpunnLgiJmbgq, uibl]mju uqb pmbjig qjiuiuqilpiq 
huidmlpupqbpp JibbpgJiuq bb pb n^: f'bbpgjiuq qjiuiuqilpiq hmduiljuipqbpji qbiqpnid, 
dmubjil]ji mmppbp ^JiqJiljmljmb dbbnLpjnibhbpJi dliuiiJinJunLpjmb hmiJmumpnLdbbpJi dbg 
oqmmqnpbiJnLd bb umjnpmlpub huijuibji ^JiqJdpidpub dbbnipj nibbbpp: bul] n^ JibbpgJiuq 
qjiuiuiplgiq huiduilpupqbp Ji qbiqpnid mmppbp dhunJinJunLpjuih hmiJmumpnLdbbpJi dbg 
Ipquiuiqnpbijbh qjiimuplpjnq duiubjilpji hmdmiqmmmujumb ^JiqJiljmljmb dbbnipjnibbbpji 
qhqhuihpuigijmb mmppbpmljbbpp, pugg pnpip qbiqpbpmd dmubjil^ji dhmijinJump]mb 
hmiJmumpnLdbbpJi dmpbdmmjil]ml[mb l^mnmgLjmbpp l]dbm mbijimjinju, npji mljmbmmbup 
l^pjibbbp dbp hrngnpq hmmnpbbpmd: 

f'ul] bpp hmdmiqmmmujumb puidbmd dbbp l[umhdmbbbp pmgmpdml] ^»JiqJil]ml]mb 
dbbnLpjmbbbpJi pmqmqpji^bbpp, miqm m]q pmqmqpji^bbpji dhunJinJunLpjmb 
hmiJmumpnLdbbpp bmjbiqbu l^mbbbmb dmubjil]ji mnmbgpmpijbpji dlimLjmJunLpjmb 
hmiJmumpnLdbbpJi dmpbdmmjil]ml]mb l^mnnLgiJmbpp, djiuijb m]b mmppbpmpjmdp np 
dhmiJinJunLpjmb qnpbml]Jigbbpp mpmmhmjmijmb Iqpjibbb pmgmpdml] mpmqmpjmb 
pmqmqpji^bbpmj: 

U.ijmbqml]mb hmpmpbpml^mbnLpjmb mbumpjmbbbpp bmjbiqbu qmqmijimp mbqmd ^mbbb 
bdmbmmjnq A.hmiJinJunLp]nLbbbpJi qnjmpjmb dmujib b hmbqjium Ljmjbpmd bb Jipbbg 
mlujimnnibrnl] qnjmpjmbp: 
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nLunuiliuiu]ipnLii bb SJibqbppJi huiduqunJinLpjuih b uibhuiduquiiJinLpjuib 
huiuilpnLpjnLbbbpp npupbuqji unjbpji pmj huiulpuibuih phnLpjnLlip Ipuimuijuipnq opbbpbbpp b 
uijbnLhbuib oquujbpnij uqq hbinuiqninnLpjnLbbbpJig ijinpdbb IpuinnLgbp ui]luq]iu]i bnp 
inbunLpjnLbhbp, npnlip qmJuiqnLjhu Iplpuipnquihuib puiguiinpbp dbq 2 P 2 mu p XLUinr L U^JuuiphJi 
hnqlinp b lijnLpuilpuib opJiliuqunJinLpjnLbhbpp Ubb U.2l um ph]ig djilqb Onpp U. 2 l um ph b 
bnp Jig Ubb Upjuuiph: Zbhg ui]q huiduqunJinLpjuih b uibhuiiim^uuJinLpjuib hrnpgh t np dbhp 
guihlpuilmLd blip pbbuiplpbp b inbubbp pb Jibupbu t pnLbiJnLd ui]q JubqJipp cf'uiduibuilpji b 
Suipuibnip] mb Zuijlpudpuih SbunLpjuib dbg: 

Ppuilpuih buiubjilpji guipcbiLdp uijuni_hbuib dbbp Ipuibijuilibbp buiubjilpji ni_q]iq guipdnLd, 
Jiulp buiubjilpji huipp huijbpuijJib uqiLnuiupuiuilpbpLjuib Ipbqb buiubjilpji guipdmdp uijunLhbuib 
dbbp IjmbiJuibbbp buiubjilpji uibqpuiquipdijuib gtupdnLd: bij huiduiduijb chuduihuilpji b 
SuipuibnLpjuib Zuijlpuilpuib SbunLpjuib, Ipuipbpji b uiupuignLgbp np pbmpjuib hjidbuipuip 
opbbpbbpp b buiubjilpji uivuppbp dbbnLpjnLbbbpJi ZbuuJinJunLpjuih huiLjuiuuipnLdbbpp 
buiubjilpji niqjiq b uibqpuiquipA.Ljuib guipdduib qjiinuiplpduib qbiqpbpnLii nibbb djibbnujb 
duqabduiLnJilpuilpuib mbupp: Uju qpnLjpp bbbp Ipuibijuibbbp buiubjilpji guipdduib Zuijlpuilpuib 
dblpbuipuibnLpjni_b : SuiblpuihnLd bbp pbqqbbp bmb uibqpuiquipbijuib guipdduib b 

huilpuiquipd 2 m pbbuib huiduipdbpnLpjuib ijiuiump, npp 2 nnn hbguinLpjuidp JipuiqnpbiJnLd t 
d"uiduibuilpji b SuipuibnLpjuib Zuijlpuilpuib SbunLpjuib dbg, iquipqunqbu IpuiuiuipbpniJ 
guiblpuiguib IJiJiqJilpudpuib dbbnLpjuib umnpjib bplpm. gnLgJqbbpJi uibqbpji iJinfuuibudpnLd: 
Upqji $]iq]ilpujnLd dbb IpuipbnpnLpjnLb mbiji buib djiuijh duibuibuilpji Ipuid djiuijh 
inuipuibnLpjuib niqqnLpjnLhbbpJi huilpuigpgduih bpbnujpbbpji pbbuiplpnLdp b ljuid bp 
djiuiduiduibuilp duibuibuilpji b inuipuibnLpjuib nLqqnLpjnLbbbpJi huiljui2P2buib bpbnujpji 
pbbuiplpnLdp, npnbg qbiqpbpnLd ^JiqJiljmljmb dbbnLpjnLhbbpJi <UiuiiJinJunLpjuib 
huiLjuiuuipnLdbbpJi b uijp Ipuipbnp puibuiZbbpJi duipbduiuijilpuilpuib uibupp Lqbuip b bbui 
uibijinijinju: 

d"uiduibuilpji b SuipuibnLpjuib Zuijlpuilpuib SbunLpjuib dbg ujuihu]uitu|nLd bb ijbpnbgjuq 
upuihuibgbbpp npmjhbuib duibuibuilpji nLqqnLpjuib huilpuigpgduib qbuppnLd (t —> - t) pnpnp 
hjidbuilpuib $Jiq]ilpuilpuib dbbnLpjnLbbbpp, npnbp ^bb uuiuigiJnLd duibuibuilj]i uibuihgnLdJig, 
Jipbbg b2uihbbppp bbnLb bb uibijinijinju, Jibyqbu opjibuilp buiubjilpji uiuipuibuilpuib 
uinuibgpuipjnjp (X -> X), quibqijuibq (m -> m) b p[igpp (q -> q): f*ulp uijb ^)Jiq]ilpuilpuib 
bbbnLpjnLbbbpp, npnbp uuiuigLjnLd bb puui duibuibuilj]i Ijbbui Ipuipqji uibuibgnLdbbpJig, 
iJinJunLd bb Jipbbg h2uihbpp, Jih^upbu opjibuilp buiubjilpji 2 m pdduih uipuiqnLpjnLbp (U -> - U): 
Puijg uijb ^JiqJilpuiljuib dbbnLpjnLbbbpp, npnbp uuiuigiJnLd bb puui duibuibuilpji qnijq Ipuipqji 
uibuibgnLbbbpJig, Jipbbg b2uibbbpp bnLjbiqbu bbnLb bb uibijinijinju, Jib^iqbu opjibuilj 
buiubjilpji 2nipdbuib uipuiquignLbp (a a): Puigji qpuibjig nL2uiqpnLpjuib b uipduibji uijb 
ijiuiuuip np, duiduibuilpji lpuib uiuipuibnLpjuib nLqqnLpjuib huiljui 2 P 2 buib qbiqpbpnLd, bbp 
bnp uuihduibuib S b g uijibqbpuilpuib huiuuiuiuinLb bbbnLpjnLbbbpJi b2uibbbpp iJinJuiJnLb 
bb hbuibjuip Ipbpup: UJiuqh duibuibuilpji huilpui2P2buib qbuppnLd b uibqji nLbbbnLb b2uibji 
iJiniJinJunLpjnLb (S --> - S), Jiulp bbuiguib uijp qbiqpbpnLd b2uibbbpp upuihupuibLjnLb bb: 

Pulp uiuipuibnLpjuib niqqnLpjuib huilpui2P2biub qnpbnqnLpjnLbp, JipuilpuibnLb huibqJiuvubnLd 
b uujbpji puipq ^JiqJilpuilpuib bpbmpp puib pb duibuibuilpji niqqnLpjuib hiulpui2P2biub 
qnpbnqnLpjnLbp: Uju pnpnpji buiujib uujbpji buibpuibuiub Ipuipbpji b Ipuipquip. «cfuiduibuilpji 
nupqnLpjuib Zuilpui2P2buib b SuipuibnLpj uih Ubqpuiquipbbuib lubqjipp Zuijlpuilpuib 
ZuipuipbpuilpuibnLpjuib SbunLpjuib Ubg)) hnqiJuibnLb, Trblpuibbpbp 2014 p.: 


(fmbuiliuilpji U Smpmhnipjmli buijlpmlpmU SbunLpjnili 
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MpqJiljmljmi O'- bbn l pjnitihh/fa 

WMhifuihnufhhpg b 

(fwMtwbul^ b Jll|ft uidnipjuiti 
iuijljiuljwb Jffi hUMj afBBih O'bp 


Ubp Ipnp&Jipnij ^)|iq]il|mljmli ilbdni_p]ni_bbbp]i huignq b2uiqpnulbbpp Ipnpnq bb 
hmhqJiuuitiuiL ^QPl^ uibuni_p]uib uuibq&iluib qpmi|uilpnbbbp]ig ilblpi: Zbbg uqq b np ilbtip 
uibnul bbp uqu puidbnuf uiuipn} ^QP] 11 ^ b2uiqpnuibbp ^>|iq]il^mljmb dbdni_p]ni_bbbp]ib, 
npiqbuq]i puiguinbbp ^)|iq]il|ml|mb ilbbni_p]ni_bbbp]i pmqiijiiimum dbl}bmpmbni_p]ni_bbbpp, 
Jibyi ^Ji Ipnpbjji mubi^i]mbquilpnb hmpmpbpmlpnbni_pjuib mbuni_p]uib iluiujib: 
cfuiiiintimljli U Smpm£mi_p]uiti Zmjlpnlpnh Sbuni_p]uib ilbg ubvfiuilpiib uipuiquigiluiti (proper 
acceleration) uipdbpbbpp, |i mmppbpni_p]ni_ti mTjuibquilpiib hmpmpbpmlpnbni_p]uib 
mbuni_p]uib, libbp ptiqni_tmul bb hunjumuip qpn]]i: 

Ubp m2juuimnLp]inb uqu bppnpq huimnp]i ilbg dbbp oquimqnpdbpiL bbp iljiuijb pbqhinbnLp 
IpniI Ipnbnbuilpnb ^qldpulpnb dbdni_p]ni_bbbp b hbmhuipuip b2uiqpb|ni_ bbp qprnbp 
dbbuimuinbpnij, uimnbg huiuini_l[ pbqqdbpii uijq ijiuiump: 
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dmdmtimlpL b Suipui&ni_pjmb 2,ui]L[mlpiib Sbimi_pjni_b 







> bpIjn l inhuuil[]i uinuihgpwpilkpji qnjmpjmhp «cfunfmlnuljji h Smpuibnipjuih Zuijljiuljmh 
ShunLpjmh» ifhp h ifpuihcj m hi/ui liniUliLp h m hpuiqpnulhhpp 



CGqhuiGnip IpnG IpnGnGuilpuG uinuiGgpuipiJbp, npnGp G2uiqpi|niG GG Ghdunnuinni[ 
UGhGuipGqhuiGnip uinuiGgpuipi|bp, npnGp G2uiqpi[nid hG i|inppuiinumnil 





p 01 


> 'Trjiwuiplinri huiifuiljiupqhpji hpuiqpmifhhpp 

[T - 

A-pq q[nniuplpiq huiGuilpupqJi G2iuqpnu5p 
*\ |J-pq rjiunupljnq hunSuilpupq]i G 2 iuqpnnSp 
V-pq q}nnuqilpiq hiuGuilpnpqji G 2 uiqpniGp 



^ O ifiuiil/jil/fi u/iu/iniliiul/n/j ifji uuup L/i/nij hiuifiulf lupcfji hpiuqpn Lif/i 


O-pq qjiuiuiplp|nq hiuGuiljuipqJi G2uiqpniGp 


Kr 



‘b]ni_umtL]i li ojihliplih]i]i Zui^uilimti iIhliUmpmUnLpjni_ti]i 

(09 2,nL|Jiu]i 2015p., Q'phlirj.hp, ULTU) 


li Suipui&ni_pjmti Zmjljmlpjiti ShimLpjni_ti 


l A 


P 02 


P 03 


l A 


P 04 
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> A-pij h hi-pq }ihhpg]iiuihiui[iuljiupqhp]i uljqphmljhmhp]i ipnJumqmpA qjimmpljilmd 
uinuihgpuipi[kpp 


K^-Ji uliqpGuilibinji umuiGgpuipi|bpp 

'bjiuiuipljiluid duidwGiulpi -► 
^Jiuiuipljiluid hbnuulnprupjniGp -► 


K^-Ji uliqpGuilibuiJi uinuiGgpuipi|bpp 

^Jiuiuipliiluid duiiSuiGuilpi -► TyX 
^Jimuiplpluid hbnuii[npnipjniGp -► X^x 


^ O-pq hmifmlqmpqji uljqphiuljkinniif qmhi[nq ifmuhjiljji mqjiq h mhqprnqiupAi[tub 
puipdifuih uinuihgpuipilhpg Xpq JihhpgJiuii qjiinmpljnq huiihuljiupqji hlqmmifmifp 



UuiuG|il|li nixQxq ^uipdduiG gbigpinG 

^Junuipliiliud duuSiuGuilpi 7 \a 

^juniupljiluid hbnuii|npnipjniGpp -► X\q 


UuiuGlil|li uiGiipiuipupdijiud 2uipdduiG pbiqpniG 

^Jiuiuipliiluid duiiluiGuilpi -► Toi 

^liinuiplpluid hbnuiijnpnipjniGpp -► X$\ 


^ O-pq huii[uiljiupq]i uljqphmljhmniif qwkilnq dmuhjiljji niqjiq h mhqpmqmpAi[md 
2iupdifiuh iuniuhgpiupi[hpq jJL-pq JihhpgJimi qjimmplqnq hmifmlqmpqji hlqmmifmdp 



UuiuQftlili niqtii] 2uipdGuiG pbiqpniG 

^[unuipljiliud dmiSuiGuilpi 7 pa 

^Jiuiuipliiluid hbnuiijnpnipjniGp -► X^$ 


UuiuG|il|li luGipuupmjidiluid 2uipdGuiG qbiqpnnl 

^Jiuiuipliilujd duiiS uiGiuljp -► 

^Jiiniupliiluid hbnuiilnpnipjniGp -► Xq^ 


> UJihhnijh huidiuljiupqjig muipphp 2Uipdi[nq ifuiuhjiljhhpji qjiwiuplj 1(111 fr dui 1/111 hmlqhhp\p 
mmpphp hpmqpniUhhpq, qhqnpmif ifjihhnijh hiudiuljiupqjig miupphp diuuhjiljhhpji 
qjimmplqi[md dmifmhmlqhhpp mhhh mmpphp phpmgp h dhdnipjnih 


r 


K\-]i Glpmniiuidp 

Ti\i 

U 

Tio -*■ 

Tip * Txa 

n A^-]i Glpumduidp 

Tyx 

L 

Tyv 

Tyn, * r R0 

K$-\i Gl|mmilmi5p 

Tax 

U 

Ta\i -*■ 

T<3l ^ Tc)\i 


V 


li Suipui&ni_pjmti Zmjljmlpjiti ShimLpjni_ti 























> A-pij h jdi-pq JihhpgJiiui huii[uiljiupqhp]i uljqphiuljhmhp]i iJrnJuuiquipA qjimuiplqiluidniqjiq h 
huil[iuqiupA puipdduih ifhdnipjnihhhpji hpuiqpniifhhph ni urnhifuitiniifhhpq 


Ul^qp Guil^liin)i nn||ii| 2iupchliiuQ qhiqpniil 


r 


UpuiqnipjniGq 


< 


llpuiquignuSp 


V x ,= 

-*tp 


ci.Y 


¥ 


dTxy, 

dVx» 


dT: 


V 


X\i 


Ul|qpGiul|hin)i iuGqp[iir|uipdi|ind ;uipdriuiG qhu|pniG 

dX^x 


r 


UpuiqnipjniGq 


U < 


Upiuquignitfp 


V^ = 


-^pA — 


dTyX 

dV^x 


dT 


V 




^ A -pq qjiinuipljnq JihkpgJiuii hiuduilquipqji hlquiuiifuiifp O-pq qjiinuipljilnq duiuhjilqji 

niqjiq h uihqpuiquipAi[uibpuipdifmh ifkdnipjnihhkpp. tipmqpnnfthpli ni uuihifuihniifhkpp 


G-pq iSuiuQ}i 4 }i niq}iq ^uipdGuiG qhiqpnuS 


r 


UpuiqnipjniGq 


< 


UpuiquignuSq 


Uxa = 

Bxo = 


dX, 


XO 


dTxc 

dUxo 


V 


dT, 


XO 


G-pq iiuiuQ}i 1 q|i wGqpwquipdi|iufr 2UipchkLiG qtuqpniG 




u < 


UpmqnipjniQp 

llpuiquigniiip 


Ucx = 

B<3X = 


dX, 


OX 


dTtfx 

dUvx 


V 


dT, 


ox 


> H -pq qjimuiplqnq JihhpgJiuiihuidiuIquipqJi tilquimduidp O-pq qjimuipl^ilnq i[iuuh]il[]i 

mqjiq h ui hqp uiq mpAi} mb p tupdifui h ifhdn ipjn ihhkpji hpuiqpniifhhpli ni u mh ifm tin iifhhpq 


G-pq duiuG[ili|i niqjiq 2u*p(hIinG qbiqpniti 


UpmqnipjniQp 


< 


Upuiquignidq 


V 


TT = ^0 

' dTp 
dU pc 


G-pq iSuiuG^li luGgpuigiupdijiud 2mpchkuG qbiqpniri 


r 


UpuiqntpjniGp 


u < 


UpuiquigniGp 


V 


T J _ 

a}l = ~df^ 
d _ dU^t 

*" dT 0 p 


d'mJmtimlQi li Suipui&mpjmt Zuqljmlputi Stump] ni_ti 
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^ h-pi] ijJimiupljnq JihhpgJiui[ hmifuiliiupqji hljiumifiuifp mhpuipd ifwuhpl^p uinuihgpiupilhpji 
uhi[iiuliuih ifhbn l pjn l hhhp /? h?uiqpniUhhpp h uipdkphkpp 




< 


Uhi}iuil{iuQ (tuiduiQuiljO 
<hnuu|npnLpjinQ[i 


dT». ■- dlx + 0 
dX n := dX k = 0 




^ \d-pq qjimmpljnq JihhpgJimi hiuihuljiupqji hljiumifiuifp uihpuipd if111 uhJiIjJi uinuihgpuipi[kp}i 
uhijiuilquih ifkbnipjnihhkpji hprnqpniifhhpp h uipdhphhpp 


P_13 


dL 


w 1 


:= dl^ ± 0 


dX^ := dX^ = 0 


< 


Utu}iuil[uiG duniuiQuiljp 
<hnixiilnpinpjniQp 


^ O-pij qjiiniupljilnp huiihuljuipqji hljuiiniluiifp mkpuipd ifmuhjiljji amuihgpiupilhpJi ukipwlquih 
ifbbni jdjm hhbpp hpuiqpnulkbpp li uipdkphkpp 



Uhi|iuilpuQ diudiuGuilpi 
•4hnun[npnipjniGp 


dT<3<3 dxG ^ 0 
dx<3<3 ;= dX(s 0 


> h-pp Id-pjj h O-prj. hunduiljuipqhpp. ul^qphuilqhmnid qmhi[nri uihpuipd ifuiuhjilqji 
uipuiqnipjnihhhpji h iupiuquignii[hhp]i uhipuil^uih uipdhphhpp 


Uhi}iuilpuG uipwqnipjniGGbpJi uipdbpGhpp 


r 


huiiiuiliuipqniii 
\ huii5uil)iupqnii5 

Kg huiiSuiljuipqniiJ 


Un = 0 

u m = 0 
u m = o 


V 


UhijiuilpuG iupuiquigniiiGbp}i uipdbpGhpp 




hunJuiliuipqniiJ 
li x himSuil}uipqniii 

Kg hwduilpupqnui 




Bxi = 0 
B w = 0 
Boo = 0 
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cdmiimlimlj]! li Suipui&ni_pjmti Zmjljmlpjiti Skuni_pjnLti 




























> Unuiyjih h Lpl/pnpp ml,uuiJpJi nuj/iij h hiuljiupiupA A h iu 1/1 nfun l/,?/ iu h h m 1 /m n mpn l ifhLpji 
npnplishl, pji hy niqpiiL ifh L pp 


Uniu^JiQ mhuui4|i dUuiiJirijiiiupjiuG qbujpnui Z)^ li Z)j^ 

bpljpnpg inhuwyi dluiiifinfuriipjiuG pbujpnid Z)^ b Z)j^ 



r- [Jmuy/ih h Lpl/pnpp mhuwlpfi A hmi/in/un l/,jj mh p 1, u/pLpnLif mpfip h nilipp iiipiupAi/iuA 
Zui]Ipml[uih if/iyiu 1/uijpl,pji (intervals) p/iLfilf)l,pl,hgjiuphl,pji hyiiiqpnLifhLpp 


r 


V 


Unui^JiG uihuuiyi dUuu}intunipjuiG qbujpnuS 

db),^ 

U 

dbyAk 

bplpinpg inhuuilili dUuu[in[unipjiuG phujprud 

dbiG 

u 

d tjyjp 

bplpinpp uihuuiljji dUuiiJin}unipjiuG qbujpnid 

dfrai 

u 

db^ 


r- l iuijn l h (invariant) Ziii/l/inl/iuli if/iyin 1/Lujp/i (interval) p /? Lf>Lf>Lpl,hgjiiu//i hyiuqpnufp 


<uijlpulpuG IpupnG iSJijui4lujpJi r^^hphGgfnuip 


db> 


> PuigiupAuilp dunfmhmlpji qp$>$>hphhgpm/Ji hyuiqpniifp 


buigmpdiuli duiGuiGuiljJi pJi^^hphGgJiuiip 


dr 


li Smpui&nLpjuiti ShimLpjni_ti 
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P_20 


P 21 


P 22 



X-pq h IJL-pi l JihhpgJiuii huiifuil[uipqhp]i iJinJuuiquipA qjiuiuiplqifuih qhiqpniifpuiguipAuiI^ 
huipuiphpuilquih uipuiqnipjnihhhpjipiluijjih h muipuihuilquihpuiquiqpji^hhpji hpuiqpmifhhph 
ni uuihifuihniifhhpp 


flii|]iij 2miicHIuiG iilimwplpiuiQ pkqpnul 


<uil|iuqiupd 2 uip^uiQ i]|iuuu]il|iiuiG qhiqpnul 


< 




d{cT^) 
dr 
dX\ ^ 
dr 




< 


V °, 

v Ppl 


V 1 


V 


d(CT^) 

dr 

dXp\ 

dr 




A-pq qjiuiuipljnq JihhpgJiuii huiifuiljuipqji hljuiuiifuiifp O-pq qjimiupl^ilnq ifuiuhjil^ji niqjiq 
li uihqpuiquipAiluibpuipchfuihpiugiupAiulj uipuiqnipjnihhhpjipi[uij]ih li iniupiuhiuljiuh 
puiquiqpji^hhpji hpuiqpniifhhpp h uuihifuihniifhhpp 


[H-pq qjimuipljnq JihhpgJiuii huiifuiljuipqji hl^uiinifuiifp O-pq qjimuipljilnq ifuiuhjiljji niqjiq 
h mhqpuiquipAi[tubpuipdifuihpiugiupAiulj uipuiqnipjnihhhpjipi[uij]ih h uiuipuihuilquih 
puiquiqpfehhpji hpiuqpmifhhpp h uuihifuihniifhhpp 


(5 riwuGJiliji nii||ir[ 2 UipdduiG pbiqpniil 




< 


u° 

u Pp(T 


77 1 


V 


d(CT^c) 

dr 

dX\xa 

dz 


(5 duiuQ]il|]i uiGipimpuipdi[iud 2 uipdduiG phu|pnul 


r 


< 


u 0 

U £(5\l 


ui 


Pap 




d{cT<3 p) 

dz 
dx<5 p 
dz 
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d'mJmhmlQi li Smjim&nLpjmti Zmjljmlpjiti ShimLpjni_ti 

















































> 


X-pq h [A-pi l JihhpgJivui huiifuil^uipqhpji iJinJuuiquipA qjiuiuiplqifuih qhiqpniifpiuguipAuiI^ 
huipuiphpuilquih uipuiquigmifhhpp. pi[uij]ih li uiuipuiAuilquihpuiquiqpji^hhpji hpuiqpmifhhph 
ni uuihifuihniifhhpp 


2uipdduiG qJimuiplpSuiG qtiiqpnid 


^mljiurpupd 2uipdGuiG qJimuiplpIuiG qbiqgnuS 


r 


AO 


< 




V 


dz 

dvk» 

dr 


r 


A 0 

A ppX 


< 


^P^iX 


V. 


dv^ 

dr 

dVm 

dr 


^ h-pq qfimuipljnq JihhpgJiuii hunfuil[uipq]i hlquimifunfp O-pq q}iinuiplji[nq ifuiuhjilqji niqjiq 
li mhqpuiqmpAi}tubpuipdifuihpiugiupAiulj tupuiqiugniifhhpJipi[ui]]ih h inmpmfmiljiuh 
puiquiqpfehhpji hpuiqpniifhhpp h uuihifuihniifhhpp 


G GuiuG}i41i niiiliii 2uipdGuiG pUggim! 


r 


B° 




< 


B { 


PXO 




dU? 


PXO 


dz 

dz 


q GuiuG|il|]i wGppuiipupdi|iud 2uipdGuiG qhujpniG 




B° 


pox 


< 


B l 


pox 


v 


dU? 


POX 


dz 

d^pox 

dz 


^ j U-pq qfimuiplinq Jihhpg]iuiihuiifuil^uipq]i hlquimifuiifp O-pq qjimuipl^ilnq ifuiuhjilqji niqjiq 
h m hqp uiq uipAi[ tub p uipdifm h piugiupAiulj tup uiqiugn i ifhhpJi pi[uij]ih h miupuihuiljuih 
puiquiqpfehkpji hpuiqpnufhhpp h uuihifuihniifhhpp 


q liuiuGjilili nii||ii| 2uipdduiG qbqpniG 


r 


D 0 

D £\l(5 


< 


-^PpO 


V 


dn° 

wu PpO 

dz 

dU„ a 

dz 


q GiuuGjilji wGppwrpnpdi|iud 2UipddiuG phiqpnul 


r 


dO 

D £(5\l 


< 


Bq 


pqp 


V 


BrjO 

UU £(5\1 

dz 

dUpap 

dz 


cdmiimlimlj]! li Smjim&nLpjmti ShimLpjni_ti 
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Ilpiul^iuiqbu Ppuipiujig Suippbp bpljm SbuuiljJi 
Jihiupuiilnp Mhuii}im]j^mgzmb MMijj^smpmiMhbpp. Orujimk^ULkp 


1 . Unui^Jiti mhuml^Ji htiuipuiilnp ^liimJinJunLpjmli hmi]mumpnultibpp 

hmtiqjiuuitmul bti bplpii. muippbp hmiluilpnpqbp]i ijin}umquip<l qjimuiplpfuiti 
qbuqgnul ul^qpbmljbmbp]i mnmhgpuipi]bp]i &Umi]in]unLpjuiti hmi]mumpnultibpp: 

2 . fcplpmpq mbuuit[]i htiuipuiilnp &Uun]in]uni_p]uiti huii|umuipnultibpp 

huitiqjiuuitmul bb bplpn. mrnppbp huiifuilpupqbp]i ul|qpbmljbmbp]ig bppnpq 
hunluilpupq]i ut[qptiuil[bmnul quitn|nq Juiuti}it[]i qjimuiplp]uifc uinuitigpuipi|bp]i 
<Uiun]in]uni_p]uiti huiiluiuuipnultibpp: 
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d'miiuibmbb b Suipm&ni_pjmh 2,ui]t[uilpuh Sbuni_pjni_h 








l*pmp]ig Suipphp bp|jm 




> 


A-pjj li jX-pq Ijiuifiujiuljiuh JihhpgJiuii huiifuiljiupqhpji ipnJuuipuipA pjimuipljiliub 
ul]qphml]hmhpji uinuihgpuipi[hp]i AhmipnJumpjnihhhpp Uhhp l]mhi[mhhhp uinuipjih mhuml]Ji 
AliunpnJunipjnihhkp h uijqiqjiuji AliunpnJunipjuih hunluiuiupniifhhpjipuigiuhuijm mhupp IjjJihJi 



> A-pij h ix- pi} ljilli[ill]uiljtub JihhpgJiuii huiihul]iupqhp]ig ifmuhjilqji qjiwiupl]iliu& uinmhgpmpilhpji 
AhuiiJinJunipjnihhhpp ifkhp I]mhi[mhhhp kpljpnpq mkuuil]]i Ahuii^nJunipjnihhhp h O ifuiuh]il]]i 
uinmhgpuipilkpji AhmiJinJunipjmh hmilmumpnulhhpjipuiguihuijw mhupp l]]Jili]i 


< 


flu|]ii| dbuii}mfunipjiuG hmiliuuuipnidGbpp 

Tpo = G^(7\ g , A\r;, V', u ) 


<wljuiipupd dUuiiJinJunipjuiG huii[uiuiupniiSGhpp 

T\a = V 

Xio = V 


A-pq U |J.-pq Jibbpg]raq hmifuilpnpqbp]i ul}qpbuil[bmbpnul qmhijnq hbmuiqnuinqbbpp, 
mmu^lib qbiqpnLii IpnmuipnLiI bti iJmJbiuiquipA qJimuiplpiLiIbbp, Jiulj bplqmpq qbiqpnul 
qJiuiuiplpiLiI bb n^_ }ibbpg]iLLq huiiluilpnpq]i ul|qpbml|buinLii qmbi]nq G iimub]ilj]i 
2 inpdnuip: Zbmhuipmp b 2 i]uib bplpiL qbLqpnu! bb libp biqmmmljb b uipmuihbp 

hmiiimquimmu|umb uinuibgguipi]bp]i pbqhmbnLp AbimJinJunLpjuib hmv[mumpnuibbpp: 


^bpnqpjiiq R b G mmnbpnv[ ^>nLbl|g]imbbbpp b2uibuil|nLii bb. 

R - ilbfcuimuinp b2uibuilpiul b ijmJuuiquipA ( Reciprocal) 

G - ifbhuimuinq b2uibuilpn_il b pbqhmbnLp ( General) 

Cbqnpnuf b2i]uifc ^ntbljgjimbbpp Ipnjbiijmb bb iljiuqb iimub]ilj]i mnuibgguipi]bp]ig 
b qjimuiplpq hmiimljmpqbp]i iJmJuuiqmpA hmpmpbpmljmb mpmqnLpjmbbbpJig: 


<i 04 


d'uiiiuibmbb b Suipui&nLpjuib Zmjbmljmb SbunLpjnib 
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> OnJuuiijuipA pJimiupljiliuA uinuihgpuipi[hp]i i]fif>f>hphhgjim[hhpji pInjhmbnip niqjiq 
AhuiiJinJunipjuih huiiluiuiupniifhhpp t[hpiniAiliuA pji^^hphhgjiuiihhpji mhupni[ 



dTyi. = dT , 


dTi^x 




+ 


8Rl r d , 


1 dRl 7 
dX^ = —^dT, 


dX^ 




+ 




dF> 


X\i 


ly. 




SI-,,'-* * SX,, * * S>V'"» 


> &njiiiui}iup& i}Jiwwplj 1I111& uinuihgpuipi[hp]i i]fif>f>hphhgjiiu[hhpji phphuihnip huiljuiijwpA 
AhuiiJinJunipjuih huiiluiuuipniifhhpp i[hpiniAiliuA ij]i$$)kpkhg]iiuihkp]i mhupni[ 


q-_06 


> I'Jimiupljilnq diuuhjiljji uinuihgpuipi[hp]i qji^^hphhgjim[hhpji phphuihnip niqjiq 
AhuiiJinJunipjuih huiiluiuuipniifhhpp i[hpinL&i[iu& pjijijihphhgjiuiihhpji mhupni[ 


q-_07 


> I'Jiuiiupljilnq diuuhjiljji uinmhgpiupi[hpji i}JiJ)J)kphhgjim[hhpji phphuihnip hiuljiuijiupA 
AhuiiJinJunipjuih himluiuuipniifhhpp ilkpinihijiuh pjijijjhphhgjiuiihhpji mhupni[ 


q-_08 



dGl , 

ar,., "*“ 

dGl , 

w -dT, 


dT, 


^0 


HO 


+ 


+ 


K dx 

av ^ 

dGl , 
'f'-dX, 


dX, 


HO 


HO 


dGl 


+ 


+ 


Hi 


dV, 


dV^ 

dG* 1 

•*- dV\ 


Hi 


dV, 


Hi 


Hi 




dRl , 

^-dz 


dT^x 

dtfx 

dT^x 


Hi 


dl 


Hi 


+ 


+ 


dRl , 
lA -dX, 


dX px 

dRtx 

dXyx 


Hi 


dx. 


Hi 


+ 


+ 


dRl , 


a^ 

dV hx 


Hi 


</F, 


Hi 
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U Smpmfrrapjmti Zmjljmlpuli Shuni_p]ni_li 














































Phkpgjiuii hiuifmljiupqhpji ipnJuuiquipA qJimuipljiliuA uinuihgpuipi[hp]i ij]if>f>kphhgjiui[hhpji 
phqhuihnip niqjiq AhuiiJinJunipjuih ui^ui li qhuiui qnp&uil[]ighhp]i uuihifuihniifhhpp 


r U[fom qnpdiu4]igGbp|i umMuiGnuifi 


^burni qnpfruili|igGbp}i uuihbuiGnibp 


f Ml, 

dh, 




f dRl 
dT,, 

'= < 

, < 
dX„ 

:= al. 

u 

< 

dRl, 

dX>, 

:= < 

dRl, 

dV x m 

:= «ii 



dRl, 

dV^ 

: = < 


tend 


Phkpgjiuii huii[uiljuipqhp]i ipnJuuiquipA qJimiupljiluiA uinuihgpuipilhpji qjitytyhphhgjiui[hhpji 
phqhuihnip hiuljiuqmpA AhuiifinJunipjuih ui[ftui h ijhwiu qnpAuiJjJighhpJi uuihifuihniifhhpp 


Ujjuu qnpfruiljigGbpli uuiMuiGnidp 


OJimui qnji^UuljJig Gbpji uuihiSuiGnuSp 


r 


dRl 




nx 


dT, 


:= a 




MX 


< 


dRl 


MX 


dX^ 


:= a 


aft 


dT, 


M>. 


’ll 




MX 


< 


OX* „ 2 


dRl 


MX 


dV, 


:= a 


v 


MX 


MX 


dX, 


MX 


:= t / 




aft 


dV, 


MX 


:= V 


& 


tead 



fcad 


ZmjiqmlipJi mni_pp bnmppnLpnuI (09 Um]]iu]i 2016p., bplimti) 

bmiimlimlj]! li Suipui&ni_pjmti Zmjljmlputi Shimi_pjnLti 
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> Ifmuhjiljji qjimiupljiliuh uinuihgpiupi[hp]i qjitytyhphhgjiui[hhpji phqhmhnip niqjiq 
AhwifinJunipjwhphmui h quufifui qnp&uil[]ighhp]i uuihifuihniifhhpp 


q- 12 


Phuiui qnp&iuyigGbpJi uuihGuiGnuip 


r 


dG\ 
dT, 


X(5 


< 


dGl , 
dX M 
dGl , 


dr, 


V 




Q-uiiMui qnpGml^igGhpJi uuihGuiGnuIp 


^ =L 

II 



f dGi 
dT u 

•- r 1 

•- ixn 

rs5* 

II 

u 

< 

dGl, 

dXu 

•_ r2 
•- A Xu 

r^S- 

II 



dGl, 
dV ,, 

•- r 3 

•- A Xu 


> Uuiuhjilqji qjimuiplqiluib uinuihgpuipi[kp]i qji^^hphhgjimihhpji phqhuihnip huiljiuqiupA 
AhuiipnJunipjuihphmui h qmififm qnp&wl[]ighkp]i umhifmhniifhkpp 


r Phmui qnp&mlj]igGhp|i uuihiSmGnidp 




< 


dT^cS 

dX,o 

K 


dK 


\ 




:= Bl 




:= ft 


:= S 




PuuMui qnp&mliJigGhpJi uiuhiSuiGnuSp 


S 


< 


dT^c 

K 

dX^ 

fly 

dV, 


ni 


:= r, 1 , 


nx 


- n 


nx 


r 3 
1 («• 


q-_i4 


T:]imuiplp]nq G bmub]it[]i uinuibgpuipilbp]i q]i 5 )!])bpbbg]raqbbp]i Abmi]m}unLp]mb 
hmi|muuipnulbbp]i i]bpnqp]uiL umhifuibi]uifc qnp&ml[]igbbp]i hmiimnnuimqpiimb \ih^, 
uijb ^pmpqmgbbpiL biquimuilpnj, ilbtip ^oqmuiqnp&bgjibg bmb O gni_g]i£g, npmjhbmU, 
Jib^iqbu iqmpq Ippiinbui hbmuiquijnul, qnpfruit[]igbbp]i mpmmhm]mni_p]ni_bbbpp 
lpn]ui[m& bb iljiuijb qjimuiplpiq }ibbpg]raq huiiluilpnpqbp]i liji^b hmbmupnuiuiujuuib 
huipuipbpuilpiiti mpuiqni_p]ni_bbbp]ig, npp Jip hbppjib b2uibuilpiul t ui]q qnp&uitjigbbpg 

u]bmpbnLbbbmbb]imjbq]immplpiqhmbmlpnpqbpgb2nq A b |i gni_gji^bbpp: 
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d'uiiimbmbb b Suipui&ni_pjmb 2,ui]l[mlpiib Sbimi_pjni_b 









































> F'hhpgjiuii hmifwIqmpqkpji ipnJumqmpA qjimmplqilmi tunmhgpmpi[kp]i q]i£Qkpkkg]imikkp]i 
pkqhmknip niqjiq AkmipnJunipjmk hmi[mumpnii[khp]i ]_p}n[ mkupp hnp qnpkml^Jigkhpni[ 



dTfX 

dXyx 


alpdTiv + alydXty + a{^dv Xf 
Vl/Tt? + Tj^dX* + Tl^dVtv 


<1 15 


> 


Phkpgjiuii hmifmljiupqkp]i ijinJumqmpA qjimmpljilmk urnmhgpmpi[kpji qjitytykpkhgjim[hkp]i 
pkqhmknip hmlqmqmpA Ahmijinjunipjmk hmilmumpniifkhpji jpfti / mkupp hnp qnpkml^Jighkpni[ 



a'^dT^ + a^dXp + a^dv^ 

IfidT* + VfidXp + rfpdVp 




<1 16 



Umukjiljji qjimmpljilmk urnmhgpmpijkpji qjij>j)kpkhgjiiu[hkpji pkqhmknip niqjiq 
Ahmijinjunipjmk hmijmumpniifkhpji pppij mkupp hnp qnphmljpgkhpnil 




q- 17 


> Ifmuhjiljji qjimiupljiliuk mnmkgpmpi[hpp q]ij>j>kpkhgjiui[hkpji pkqhmknip hmljiuqiupA 
Ahmijinjunipjmk hmijmumpniifkhpp ipju/ mkupp knp qnphml^Jigkkpnil 


dT\ c - Bl&dTpG + + B^dV^ 

dX\o = T^dT^ + r 2 ^dX^ + r l^dVyQ, 



li Suijim&nLpjmt Zuijljmlputi Stump] ni_ti 
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b Suipuibnipjuih 

imjliuiljmb Skm^jp/mb tp ifh uM§pzi l jphhp^ b 

Sb& ipn pMMgjpMlk ifhhpJi Zhuipiui[n J1 BpJjpML 

Vbiqpkpp 9f,MWupljnzj Ijiupqkpp Phmjppg 


U SuipuibnLp]uih Zmjlpnlpuh ShunLpjuih (Zmjlpnlpnh 
ZmpmphpmlpnhnLpjuih ShunLpjuih) uinuigjih hmmnpnLii ilbbp 
pbbmpljbgjibp U urju hppnpq hmmnpnLii bu ilbbp ptitiuipt[bpii_ bbp 
JihhpgJiuip qjimmpl[nq hmiimlpnpqhp]i qhiqpp: Iml^ hpljpnpq 

hmmnpnLii U hhmuiqui hmmnphbpnLii ilbbp phhmpl^bpiL bhp ui]h 
qbiqpp bpp qjimmpl^nq huiiiuilpnpqhpp n^_ JihhpgJiiLq bh: 3hui]m& 
lijiuijh 2uipdnLiftibpp nLunLiihuiuJiphpiL mhuuihlpnLhJig (ljihhbmm]ilpn) 
qjimmpljnq hmiiuilpnpqhp]i phnLjpp uijhpmh bplpnphnp brnhuiijuitiq 
np ^)|iq]il|mljmh iih&nLp]nLhhhp]i ^UmiJinJunLpjmh huii|mumpnLiihhpp 
libhp ummhnul bhp qji^^hphhgjimihhpji mhupni}: 


26 


dmhmtimlQi h Suipui&nLpjuiti 2,m]t[mlpiiti SbumpjnLh 









> cfuiifuihuilqji li Siupui&nLpjuih Zuijljiuljuili Zuiinmlj Skunipjiuh ZJnfhuiqpnijphhpp 



1 . 


2 . 


bp^m uiGilbp$) tinui iqiuuiiuhiupGbp]i GJigb <uijlpulpuG GJijiuljiujpli rjJi^^UphGgtiuiiJi pumuilpiiu]iGbpp, bplpuiiji 
uiuipiudnipjiuG Gb$) npiqbu hbniuilnpnipjuiG GbdnipjniG, GnijG bG pnpip hunSiubiupqbpJig qJnniuplpSiuG qbiqpnuS: 
chiuSuiGuilili induiGgtfuiG dji$)ngnil uuiuigiluid ^JiqJiliuiliuiG GbdnipjniGGbpp niGbG bqpuijJiG uuihGuiGGbp, npnGg 
GbdnipjniGGbpp niGbG GnijG uipdbpp pnpip huiduiliuipqbpnid (C - uipuiqnipjuiG, d - uipuiquigduiG b uijpG): 



L 2 


Tr 01 


> « cfiudtubmIjJi h Suipuidnipjuih Zuijlquilquih Shunip]nih»-p hpuiduipilniif k uiiluihquilquih 

huipuiphpiulqiuhnij&juih ui hump] mb hphp Ijiuplinp hjidhiuqpnijphpjig npiqbu uiilhihnpq 


- Ubp ui2juuimni_p]uih uqu bppnpq hmmnpnui dbbp uinlpujubgjihp huqnnpbpuilpnbni_p]uib 
hjnlbuiqpni_]pq npiqbu uibhpuidb2Ui U qpui ijmjuuipbb npiqbu Ijuipbnp hjnlbuiqpni_]p 
libbp pbqni_bbgjihp Zuqlpulpuh lpu]ni_h if p Ji qji^bpbhgjiuqji pmnmlpimni_ 

mjibqbpuilpub pbniqpp, npp huihqjiuuibnul t dmiimbmlj - bplpupni_p]ni_b bpl^iuiji 
muipuibni_p]uib dbg bplpn. uibijbpg linrn lqbuibpji djigb bquib bplqiui^uiijiuilpnh 
hbnunjnpni_p]uih qji^bpbbgjiuqji puinuilpiuijih, npp iqbrnp b niAibhui djibbniqh uipdbpp 
pnpip huiiluilpupqbpnul: Zbuibuipuip bpb libbp npiqbu hjnlbuiqpni_]p uqpbu ^bbp 

oquiuiqnpbnul huipuipbpuilpubni_p]uih ulqqpni_hpp, rniqui uihjnluiuui b quinhnul libp 
lpnnni_guib bnp mbuni_p]ni_bp uihijuihbp << 2 ,uqlpulpub Zmpmpbpmlpnbni_pjuiti Sbum_p]ni_h», 
uqp mv[b|]i phuilpuh Iqjihji uqb uibijuihbp «UuiiIuihuil[Ji b Suipuibni_p]uih Zuijlpulpuh 
Sbuni_p]m_h», npp guirn unjbpfi dgqpjiui t pbnpn2nuf libp bnp uuibqbuib uibunLp]nLbp: 

Ubp lugJuuiuinLpjinb inning Jib b bplpmpq hmmnpbbpnui ifbbp pbqmhbp bjibp np 
diniiinbinljp b uiuipuibni_p]ni_hp huidumi_qqnpqijuib ^bh (not isotropic), puqg npiqbu 
hjnlbuiqpni_jp phqnihbp bjibp np dnniinbinlqp b muipuibni_p]ni_bq hnniniubn bb 
(homogenous): Ubp ui2]uuiuini_p]uib ni]n bppnpq huiuinpni_il dbbp uinlpujunul bbp huib 
diuduihuilqji b mmpuibni_pj mb hunluiubnni_p]uih hjidhuiqpni_jpq npiqbu n^ inbhpiudb2m, 
npnijhbuib JihbpgJiuq Ipud n^ JibbpgJiuq huiifuilpnpqbpjig qjiuiuiplpluib qbiqpbpnul libbp 
iiji2m pbhuipljbpiL bbp minppbp ^JiqJiljnilqnib dbbni_p]ni_bbbp}i qjdj^bpbhgjiuqbbpp b 
qpuibg <UiunJinJuni_p]uih huiijuiuuipni_dbbpq: 


T: 02 



Ziuifuil[iupqkp}i h ifuiuhjilqhhpji ulqqphuilquih t[]idiul]]i iquijifiuhp 




Tr 03 


dmdmtiuiLQi b Suipui&ni_pjmb 2ui]t[mt[mb Sbuni_pjni_b 
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Tr 04 


> UiQui qnp&uilijighkpji^imjinquilquihnipjnihhhpp 



(alp, ah) 

(K> a k) 

(ai^ala) 


yuGUG £ uujinquilpu Gnipj niG 


niGhG uipuiqnipjuiGp huiliuiquipd £uii]inquilpuGnipjniG (—-) 
niGhG uipuiquigduiGp huiliuiquipd £uii]inquiliuiGnipjniG ( 4" ) 


> r lkwui qnp&uil[]ighkp]i±unpnquiljiuhnipjnihhhpp 




< 


V 


(<’<) 


niGhG uipuiqnipjuiG £un}inquit[ui Gnipj ni G (C ) 

(«) 

-> 

£niGhG £uii]inquilpuGnipjniG 



niGhG duiduiGuilili £uii|inqui4uiGnipjniG (t) 


> Phmui qnpkuil^jighhp]i±unpnquiljiuhnipjnihhhpp 


Tr 06 



(^.Sjn) 

G$ii. Sik) 


£niGGG £uii]inqiuljuiGnipjniG 

niGhG lupuiqnipjuiGp huiliuiquipd £uii|inquiliuiGnipjniQ ("^") 
niGhG uipuiquigduiGp huiljuiquipd £uii]inquiliuiGnipjniG ( 4j-) 


> Qiuififui qnp&uil[]ighhp]i±uii]inquilquihnij&]nihhhpp 



(r^rja) 

(ajjx) 

(r^rjx) 


niGhG uipuiqnipjuiG £uu|inquiljuiQnipjniG (C ) 

£niGhG £uu}inquil}uiGnipjniG 

niGhG diuGuiQuiliti £uii]inquilpuGnipjniG (/) 
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ctmiimlimlili li Suipui&ni_pjmti Zuqliuilpnti Shuni_pjni_ti 


























> 


Unmpjih qhiqpp hpp qjimmplqnq hmifmljmpqhpp JihhpgJimi hh, uijujihph hpp hmpmphpmljmh 
mpmqnipjnihhhpp hmhqjiumhmif kh huiumuimnih ifhbnipjmhhhp 



Vf, 


humuiwuiniG 

huiuinuiuiniG 



Tr 08 


> 


Zhmhuipuip huipuiphpuiljmh uipuiqnLpjnihhhpp qji^^hphhgjiuiihhpp hmiluiump kh qpnjji 
Ahm^inJunLpjuih huiiluiumpnLifhhpJi ifhy pn/np hppnpq mhijuiifhhpp uihhhmuihnul hh 



h 




Tr 09 


> 


bpljpnpq qhiqpp kpp qjimmpljnq hmifmljiupqkpp JihhpgJimi kh , uijujihph kpp hmpmphpmlqmh 
mpmqnipjnihhhpp hmhqjiumhmif kh ijimjinjumlqmh ifhhnipjnihhhp 



Vxn 


± huiumiuinniG 
*■ huiumuiuiniG 



Tr 10 


> Zhmhuipuip hmpmphpmlqmh mpmqnipjmhhhpji qjifjjikpkhgjimihkpq hmi[mump±hh qpnjji h 
AhmiJinJunipjmh hmi[mumpnii[hhp]i ifhpF n L n P ^ L PP n P I l vuhqmifhkpp iqmhiqmhilniif hh , 
hph hhmmqmjmif\>Ji muqmgnigi[niifUhl} wjipwh 



Tr 11 


d^uiiIuitiuilQi li Smjim&nLpjmti ShimLpjni_ti 
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> Unmpjih mkumljji AhmijinJunipjnihhkpji rjkujpniif iJinJumijmpA ijJiwiupljtJiuA tunmhgpmpijkpji 
ijJiJ>J>kpkkgJimihkpJi phijhmhnip nipjip AhmiJinJunipjmh hmijmumpniifhhpp 


r 


< 


dT^ ~ + (Xi^dXx^ 

dx& = vi^dr^ + rj^dX^ 


> UniupJih mkumljji AinuijinJimipjnihhhpji rjkujpniif iJinJumijmpA ijJiwiupljiJiuA mnmhgpmpijkpji 
pJ^J>J>hpkhgJimjhkpJi phijhmhnip hmljmijmpA AhmiJinJunipjmh hmilmumpmifhkpp 


r 


< 


dT\ n - ttpdT^ + O. 'pdX^ 

dx ^ = »/|A + 'fJA 


Tr 14 


> bpljpnpij mkumljji AhmijinJunipjnihhhpJi ijkujpniif ifmuhjiljji pJimmpljilmA rnnmhgpmpijkpji 
ijjitytykpkhgjimihkpji phijhmhnip nipjip AhmiJinJunipjmh hmijmumpniifhkpp 


dTy tg - BlyidTxc + BiydXiG 
dXyfi — T^dTxo + TlpdXxc 


> bpljpnpij mkumljji A It m tjinJun ipjn ihhhpji ijkujpniif ifmuhjiljji ijJiwiupljtJiuA rnn m hgp mpijkpji 

ijJiQQkpkhgJimjhkpJi phijhmhnip hmljmijmpA AhmiJinJunipjmh hmilmumpmifhkpp 



dTxa - B\\xdTyLO + ByLkdXpG 

dX\<5 = r JdT^ + F r,; dXu 
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li Smjim&nLpjmti ShimLpjni_ti 
























> 


Unuipjih uihuuiljji Akuii[in]unipjnihkkp]i qkiqpniif ijinJiimijmpA qjiuimpljiliufi urnuihgpuipi[hpji 
qJiQQkpkhgJiuiihkpJi pkijhuiknip niriJiri AhuiiJinJunipjuih huiiliuuuipniifkkpp 



(aln + alpAx^dTxp + dlpdXxp 


T: 16 


> 


Unuipjik uikumljji Akuii[in]unipjnihkkp]i pkiqpniif ipnJuuipuipA qjiuimpljiliufi urn ui hgp uipi[kpji 
qJiQQkpkkgJiuiikkpJi pkijhuiknip huiljuiijuipA AkuiiJinJunipjuik huiiliuuuipniifkkpp 



( a \ik +a ikA\\k)dT^ + CL^dX^ 
(n^ + ^^dTfx + rj^dXp. 


I 17 


> 


bpljpnpij uikuiuljji AhuiipnJunipjnikkkpJi pkiqpniif ifmukjiljji ijJiinuipljiluifr tun ui hgp mpilhpji 
qjitytykpkhgjiuiihkp]! pkijhuiknip nnjJnj AhuiipnJunipjuik huiiluiuuipniifkkpp 



Bl^dTia + Bi^dXxo + (B^A)PdT)^ 
T{^dTio + Tl^dXxo + (TlpAx^dTin 


Tr 18 


> bpljpnpij inkuiuljfi AhuiifinJunipjnikkkpJi ijhiqpnnf ifiuuhjiljji gjiinuipljiliub urn ui hgp uipilkpji 
qJiQQkpkkgJiuiikkpJi pkqhuiknip huiljuiquipA Ahuii]in]unipjuik huiiluiuuipniifkkpp 


dT}Q - B^dT^ + B})dX^ + {B]sjA^) dT^ I 

dX\a = r ]^dT^ + r 2 ^dx^ + (r^)dr^ I 




Tr 19 


li Smjim&nLpjmti ShimLpjni_ti 
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fa 


itpl^pnprj. Shuiulq J§ Chphiuhimp ^Jkmi^npjnipjmM 

Ihiniugn uinu lp Wgp 

^mtw&liuipqhpp Phhpg]kW!l Mt $U%M£ip]ih 1H§i§|g||f 


f'uli uinui^Jiti mhumlj]i &Umi]m]unLp]mti hmi}muuipnultihpp lihlip 
l}umuilimlip hpljpnpp uihuml^Ji &Umi]in|uni_p]uiti hmi|muuipni_iltilip]i 
li mnh^nLp]ni_titihp]i umuignuljig hhm: 
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li Suipui&ni_pjmti Zmjljmlputi ShimLpjni_ti 







> r l]imuipljnq hiuifiul^iupqhpji JihhpgJiiui jjikkim iquijifuihp (Ziujljmljiuk ifklqkuipuiknipjunfp) 



> 


HhpnqpjuijJighkmkniif t np hwifuiAiujh ( r l_14)-]i / ifuiukjiljji qJiuiiupljiliuA uinuikgpuipt[kp]i 
q]i$)$)kpkhg]iiuihkp]i pkqhuiknip niqjiq AhunpnJunipjuik himliuuuipniifkkpp Ipjikkk 



BlpdTiG + Bl\idXxG 
rj[ pdTxc + Tf^dXxc 


b 03 


> 


HkpnqpjuijJighkmkniif k kuik np hwifwAwjh ( r }_15)-Ji, ifuiubjil^p. qJimuiplji[iuA tunwhgpuipi[kpji 
qJiQQkpkkgJiuiikkpJi pkqhuiknip huiIquiquipA AhwiJinJunipjwk huiiluiuuipniifkkpp IqjJikkk 



+ tt 




r^r, 


\i<5 


+ 


rjxdsr, 




L. A 


b 04 


li Smpui&nLpjuiti ShimLpjni_ti 
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> 


ITuiuhJiljJi mnmhgpiupi[hpji qji^^kpkhgjimihkpji niqjiq li hmljmqmpA AlimijinJimipjuih 
hmi[mumpniifhhp]i mbmhgjmihkpp pum iJinJumqmpA qjimmplqilmd dmifmhmlqhhpji 



flu]|ii| dliuu|m[uiupjiuG w&wGgjui|Ghpp 


<mliimpupd &Lwijin}iini|qmG ui&uiGgjui|Gtipp 


fc 05 




dT, 




< 


dT, 

dX, 


X o 


pa 


v 


dT, 


\G 


K + 

Hu + r 


dT la 

dTyss 

dX\g 

dTytf 


/ 


l - 3 


fc 06 


> Cmpdi[nq ifiuuhjiljji qjimmplqi[md diuifmhiuljhhpJi qjitytyhphhgjim[hhpji 
hmpmphpnipjmhhhpp qpi[md ifjimujih 



> Cmpdi[nq diuuhjiljji qjimmplqi[md rnp mqn ipjn i h hhp\p A li m ijinJim ipjiu h mnh^nipjn ihhhpp 



b 08 


Cmpdx[nq iimuli]ilj]i qjimuiplp|uifr mpmqni_p]ni_titihp]i i]hpnqp]uip 
dJiunJmJump] uiti mnhyii_p]ni_titihpp tmi_]tnqhu puiijuipuipnul hti 
Jihphmhmlpuqmp&iluiti (involution) upnjiluiti]iti: 
(T-Jimmpl^lipnpiqtu uiupmljiui nuiuitmqtihp]i huiiluip:) 


34 


(^mJmtiuiLQi li Suipui&ni_pjmti Zmjljmlputi ShimLpjni_ti 







































UuiuhJiIjJi gjimiupljiliud diuifmhmljhhpji qji^^hphhgjimihhpji hmpmphpnipjmhhhpjig 
Ijurnwhiuhp hhmhjmi hmifm^mip mnh^nipjnihp 


> Pul[ diuuhjiljji gjimiupljiliud mpmqnipjnihhhp\p AhmifinJumpjmh rnnh^mpjnihhhpjig 
Ijumiuliiuhp hhmhjmi hmifm^mip. mnh^nipjnihp 


b 10 


> Umuhjilqji mp mqn ipjn ihhhpji Ah m JinJim ipj m h rnn h^nipjn ihhhpji ifhp mhgmif IqmmmphimJ 

hqpmjjih iqmjifmhhhpji hpp O = A h O = jU Ijumiuliiuhp niqjiq h hiuljiuqiupA hiupiuphpiuljmh 
mpmqnipjmhhhpp mpmmhmjmilmd JinJumijmpA AhmJinJumpjmh qnpdmjjighhpni[ 


b 11 


ksl 


Uhp m 2 ]ummnLpjmti mnui^fiti hmrnnpp tn]jiplig]itip Upgui{u]i li 2,mjuiumuiti]i 
mhlpiilunLpjmti 25 uiii]mlilihp]ili (22 Uhiquihiiphpji 2016p., bpliuiti) 





bmiimlimlj]! li Suipui&ni_pjmti Zmjljmlputi ShimLpjni_ti 
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fc 13 


> 


nrjiiniupljilnri i[uiuh]il[]i uinuihgpuipi[hpp. qji^^hphhgjiiuihhpji phqhuihnip niijJnj 
AhuiipnJunipjuih himluiuuipniifhhpp kpp G = |i 



(Sin + 

(tt, + n»Vx,)dTx, 



> Irjiiniup^ilnp ifiuuhjiliji ammhgpiupilhpji gji^^hphhgjiiuihhpp. phijhuihnip huiljiupuipA 
AhuiipnJunipjuih himluiuuipniilhhpp kpp G = |i 


dr^ = 

dX}ii = VxpdT\p — r ^jdz ^ 


l.- - 3 


fc 15 


> 


'JJh/hujiI ji/nij ifauihpl{p wnuihgpuipphpp qppphphhgpu/[hhpji phqlnuhm p mqpq 
AhuupnpinLpjuihhunluiuuipnLi[lihpp hpp O = X 



> 


L. -3 


fc 16 



nTjunuipIjilnri i[uiuh]il[]i uinuihgpuipi[kp]i qji^^hphhgjiuiihhpji p hqh ai limp hailj uii] tup A 
AhuiipnJunipjuih huiiluiuuipniifhhpp hpp G = A 
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li Smpui&nLpjuiti ShimLpjni_ti 
























%p|^§ 



> Quiififui qnpbuil[}ighkp}i UJipli uiifhhuilquiphnp h hjiifhuilquih uinh^nipjnihhhpp 



l A 


b 17 


> nrjimuiplqnp huiifuil[uipqkp]i uhijiuilquih diuifuihiul^hkp]i h iJinJuuiquipA qjiaiaipljilaid 
duiifiuhiul^hhpji ifjipli amh^nipjnihhhpji amaigjih Jumifpp 



b 18 



'TrJimuipljnq huiifuiljuipqhpji uhjiuiljuih duiifuihuiljhhpji li jJmJuuiquipA qjimuipljiluid 
duiifuihuiljhhpji ifjiph rnnli£mpjnihhhpji hplqpnpq Jumifpp 


l A 


b 19 


> Hhpnqpjuii amh^mpjnihhhpji Aaiju IjnpifJi if kg mhquiqphinil ukijiiul[uik duiifuihailjhhp\Ji 
lupwuihuijwmpjmkkkpp (Jj_ 18 )-Jig, ljuaiaihailippkuiuil qnpbiul[Jighkpp uipiniuhuijiniluib 
iJinJuuiquipA ifhbnipjnihhhpni[ 



li Smpui&nLpjuiti Shimi_pjni_ti 
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t?pl]pnpi} Skuuiljp. Chphm &mi ipx 
MtMipnJunLpjmk c^iuilimSM/MMifkhpfi ^ss& mrfjg 


fcplpinpq uibuuit[]i ptiqhuitmi_p ^lumJinJunLpjiuli hmi}muuipnultibp]i pii_friluiti hmiimp 
ilbtip t[uipnq blip IQipuinbL ijin}umquip<l mbquiqpnultibpji Ipnil ijin}umquip<l piL&nuItibpJi 
lijigngbbpp: Puqg puiti]i np timjunpq bplpii. hmmnptibpnul ilbtip qbpuiquiubg]itig U 
hm^nqnLpjuiiIp oqmuiqnpfrbgjitip ijin|umqmp<i pii_&nultibp]i ilji^ngp, hbuibinpinp 
uqurnbq tmi_jtiiqbu ilbtip tpqmuiqnpbbtip iu]q lijigngp: 
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d'miiuibmbb b Suipui&ni_pjmb 2,ui]l[mlpiib Sbimi_pjni_b 







> l-JiwiupljiJnq ifmuhjilqji uinmhgpmpjjhpji q]iJ>J>hphhgjiui[hhpji phijhmhnip 
niqjiq AhmiJinJunipjmh hmijmumpniifhhpji ulqqphmlqmh mhupp 



dT^ - Bl^dTic + Bi^dXio 
dXyfi = TlpdTto + TtydXys 


> T-JiuimpljiJnq ifiuuhjiljji uinmhgpmpijhpji qjij)j>kpbhgjiui[hhpji phqhmhnip 
hmlqmqmpA AhmiJinJunipjmh hmijmumpniifhhpji ulqqphmlqmh mhupp 



dT\a - Bl&dTyss + B^ dXy^ 

dX}<j = F \^dT^ + Fni dXu 




> I'Jiiniupljilnq ifiuuhjiljji mnmhgpmpt[hpji pjijijihphhgjiui[hhpji phqhmhnip niqjip 
AhmiJinJunipjnihhhpp qpijm& qfrmjjih hmijmumpniifhhpji hmifmlqmpqji mhupni[ 


BxydTia + BLdXxc — dT\ 


V 


HG 


T'l\idT ),(5 + TxpdXxG — dX ( 


HG 


> 


r lJimmpIjiJnq ifmuh]iljji uinmhgpmpijhpji pjij)j>hphhgjim[hhpji phphmhmp hmljtuptupA 
AhmiJinJunipjnihhhpp qpijmb qfrmjjih hmilmumpmifhhpji hmifmljmpqji mhupni[ 



BUt, 


I A U1 (*G 


r l^dL 


[10 


+ 


+ 


BLdX, 


)o, uyv [io 


TfadXt 





S_04 


li SmjnubnLpjmli ShimLpjni_ti 
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> I'Jimiupljilnq diuuhjiljji uinmhgpuipi[hpji qJiQQkpkkgJiuiikkpJi phijhuihnip AkiuiftnJunipjuih 
himluiuuipniifkkpji hiuduiljiupqkpfi npnpji^hkpji kpuiqpniikhkpp 



> bpljpnpq inkuuiljji A k uiijinJun ipjn i hhkpJi qkiqpn i if ifuiuhjilqji uin ui hgp uipijkpji pkqhuiknip 
AhunJinJunipjuih huiiJuiuuipnLifkkpJi hunfuilquipqkpji npnpji^hkpjipuikuiAhkpp 



Di, = SL r 


D 




An 

'\T 2 , 


BIA 






o 

0 


> Lmbhinil (Q_03)-np li (3_04)-ni[ mpiluib AhuiipnJunLpjuih huiiluiuuipnLifhkpp hmilwl]mpqhpp, 
\JL-pq li A- pi] i]pin wpi] iiq plihpgpui] hiiiifui Ijmpqhpp in hiiuililjjni hpg ihiinhp l]p ill mil ligpiupi[h]iji 
i] p pip l, p l, hgp ui] hi, pp A Inn ip n /nm pjn l h h h p p huiifmp l/u iniiihinhp hnp hmiluiuuipnLifhhp 


K|j qlimiu[il|m| haii5iul|iupqli inhuiuQlymQ[ig 


r 


dT^ — 


1 


< 


dXyfi — 


Dlx 


Dlx 




dTic 


dX/rj 


Bh 

Q 

r; 

dX\n 


K), ij|iuuupljnr[ hiuiluil[mjiq|i uihuuiQlyni.Qjig 


r 


dTi c — 


1 


U < 


dX xc = 


Dl, 


Di, 


V 


dT^ 

K 

dX^xij 

a 

K 

dT^G 

a 

dX[ic> 
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li Smpui&nLpjuiti ShimLpjni_ti 









































> I'Jiiniupljilnq ifiuuhjiljji uinmhgpiupi[hpji ijpf>f>hphhgjiiu[hhpji (S_07)-ni[ mpiluibpbijhmtinip 
AhuiifinJunLpjuih himluiuuipniifhhpp qpi[iu& miliuhpiuljiuh wkupnil 



> I'Jimiupljilnq ifiuuhjiljji uin m hgp iupi[hp]i ijpf>f>hp h hgji ui[ hhpji i[kpnqpjiui phqhmhnip 
AhwifinJunipjwh himluiuuipniifhhpp qpi[ui&phuilquihnh mhupni[ 



> (S_09)-ni[ wpiluib niqjiq AhuiiJinJunipjuih himluiuuipniifhhpp huiifhifuimhinil(3_01)-ml 

wpiluib huiiluiuuipniifhhpji ulqqphuilquih uihupji hhin Ijumiuhiulip hhwlijiui uinh^nipjnihhkpp 



> (3_09)-ml wpiliuh hiuljiuqiupA AhuiijinJunipjuih himluiuuipniifhhpp huiifhifuimhinil(3_02)-ml 
mpilwb hmilmumpniifhhpji ulqqphmlqmh mhupji hhm Ijumiuhiulip hhmlijiui wnh^nipjnihhhpp 



BL = + 


ft 


Bl = - 


V 


Di, 


Dl, 


n, 

K 


l 




+ 


v 


Di, 


Dl, 






a_n 


li Smjim&nLpjmti ShimLpjni_ti 
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> QhmijinJunipjiuh npnpJi^hhpJi hmlj uiij mpAnipjuih uinh^nipjnihp 


2_12 



> Phinuil qnpbiuIjJighhpJi Ipuplinpiuqnijh uinh^nipjnihp 


S_13 



> Unuipjih ljuijnih (invariant) uinh^nipjuih uuihifuihniifp 


S_14 



B , 2 






= <, 


> bplqpnpq Iquijnih (invariant) uinh^nipjuih uuihifuihniifp 


S_15 





2 
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li Smjim&nLpjmti ShimLpjni_ti 
























> blquimji mhhhuiinilphinui2 li quiififuil qnp^uilijighhpji±unjmquilquihnipjmhhhpp ,, (3_14)-ni[ 
wpiluib uinuipjih Iquijmh uinuih^nipjmhp Iquipnq hhp qphi^unpnquilquihnipjnih^nihhgnq g 
i]ini] 2 n]uiulquili ^nihlqgjiuijnil, npp Iquipnq t Iquijuiluih]]ihhipuiqniif ijmijmjuuilquihhhpjig 



< 




K 

n, 


(T\q,Xxg, V Xil ,...) 
4 j (^ 0 ,^ 10 , ) 


—Yg(Txc,X\G, Vxp,...) 


VfiX, ... ) 


2_16 


> Zhinhuipuip g ^nihljgjiiuh h uinuipjih Ijmjnih uinh^nipjnihp Ijiupnq hhp qphi hiuljJipZ 


r - 

g(T\o,Xi a , Vxp,...) .- g X(l 
I giT^X^V^,...) '■= g^ 






2_17 


> Pul[ (Q-15)- ni l wpi[ui& hplqpnpq Ijiujnih uinuih^nipjmhp Iquipnq hhp qph[^unjmquilquihnipjnih 
nihhgnq S ipnijuijumlquih ^mhlqgjiuijnil, npp hmjhvqhu Ijuipnq t Iquijuiluih]]ihhipuiqniif 
ijgn ijmjuuilquihhhpjig 


r 


r? 

1 X\i *A |x 

r 1 

ry& 

r 1 

1 H* 


— A J'Aji, ••• ) — Fiji,... ) 


— 4 2 (^V a >^W’ **•) — 7 tS{T^ 9 X^^V^...) 



Zhinhuipuip S fj)mhlqgjiuih h hpljpnpq Ijiujnih uinh^nipjnihp Ijiupnq hhp qphi hiuljJipZ 


2_19 


li Smjim&nLpjmti ShimLpjni_ti 
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luiuinui inni h WUMi^pJLhhhp^ Wwhifiuhnui]j§ k 
£liuii]in]unLpjuih Q-np^wljJighhpp Upmmhmjmnipjnihhhpji 


Uju puidtmui lit lip gni_]g Ipnuitip np tiui}unpq puidtmui tibpiini_fcijm& S U g bplpn. 
i]mi]m]umlputi qnphml[]igtibpp, mijjirq qjiuiuiplpiq }itibpg]iuq hmiimlpupqbp]i 
hmiimp, hmtiq]mmtini_ii ht hmumiumnLli iithni_p]ni_tititp, npntip uuilpnjti uiiupphp 
qjimmplpiq qni_]q JititpgJmq huiiimlpupqhpji hmiimp Ipupnq t nLlihlimli uiuipphp 
mpdhplihp: Pm]g mju hppnpq hmmnpji Zmv[hp|mh_l pmdluiLii lihlip lpnupngni_gttip 
np mjq qnpdmlj]iglihpp Jipuilpntmui hmtiqjiumtmui hti mjihqhpuilpnti hmummmnLli 
iithni_p]ni_tititp U Ipujuijmb ^hti qjimmpljnq huuiuilpupqhp]i ptimpni_p]ni_ti]ig: 
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cFuuiuihuilQi t Suipui&mpjmh 2,ui]tiuilpuh Stump] mt 









Itaaipc pilitay 


u 



> 


ZiudiuAiujh (3_14)-ni/ mpi[iub mnmgjih Iqwjmh uinh^nipjuih uuihifuihifuih, (3_16)-ni/ mpi[mb g 
ifinifinjuiuliiiih $mhl[g]iwh uqhmp tpimliupuipji hhmhjiui $mhljgjinhiui hmi[uiumpifuihp 


£41 _ giTxa^ic, Vx^,... ) - g(T^,X^, Vyx,... ) - 



> 


Hhpnhpjuii $nihl[g]inhuii huiiluiuuipifuih wifkhwphqhwhmp [mbmifp IqjJihJi huiumuimnih 
iShbnipjmhp, npp ilhhp Iqumhifmhhhp npiqhu uiniupjih huiumuimnih Uhbnipjnih h Ijhpiuqphhp 

uijh g wuinnil 



g = hwuuiuiuiniG 




t_02 


> 


(3_14)-ni[ mpi[mbphmui2 li quiififuil qnpbmlijighhpji huipuipkpnipjnihhhpp Iquipnq hhp 
uipinuihuijinki hnp uiiihifiiihi[iub g huiumuimnih Uhbmpjwilp hhmhjwi l^hpiq 




li Smpui&nLpjuiti ShimLpjni_ti 
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ll 



t_05 



ZunfuiAuijk (3_15)-ni/ mpi[mb bpljpnpq Iqwjmh uinh^nipjuih uuihifuihifuih, (3_18)-ni/ mpi[mb S 
ijinipnjuiu^uih $mhl[g]iwhp iqhtnp tpmi[wpmp]i hhwhjuii $mhljgjinhiui hmi[mumpifmhp 


> 


t_06 


Hhpnhpjuii $nihl[g]inhuii huiiluiuuipifinh mibbhmphqhmhmp imbmifp Ipjihji huiumuimnih 
iSbbnipjmhp, npp ilhhp Iqumhifmhbhp npiqbu hpIjpnpij hiuummurnih jJbbnipjmh h Iqhpuiqpbhp 

uijh S in uinn i[ 






> 



(3_15)-ni/ mpi[mbpkwuil, quiihfuil h quiihluil qnpbmlijighbpji hiupuipkpnipjnihhkpp Iquipnq 
blip lupmiuhmjmbi hnp umhifmhilmb S huiumuimnih UbbmpjmUp hbmhjmi Ijbpiq 




> Zbmhmpmpphmwl, qmiSifml h qwi[i[w2 qnpbwl[]ighhp]i UJiph mnh^nipjnihhbpp Ipjihbh 



46 


li Smpui&nLpjuiti Shimi_pjni_ti 


























Upwuihuijuiiluafc S U g Zuiumuimndi IXtbnLpjndititpinl 



> (k_08)-Ji Uhp mhquiqphinil qiuifjJuil qnphiuljjighhpp i[hpnqpjiui uipuirnhlujuinipjnihhhpp 

phiniul qnp&uil[]ighhpp Iquipnq hhp tup ui wh uijmhi quiihlui2 qnpbuil^Jighhpni[ hhinhjuii l}hpijq 



> 


Oquiilhinil (2_13)-ni/ wpi[iu&phwuil qnp&uil[]ighhp]i l^iuphnpuiqnijh uinh^mpjnihjig h phiniul 
qnp&uil[]ighhp]i ilhpnqpjuii uipinuihuijmnipjnihlihpJig, hiupiuphpiuljiuh uipmqnipjnihhhp\p 
himfuip Iquinuihuihp hhinhjuii hiuifui^uiip. Zuijlquilquih uinh^nipjnihp 



> (h_04)-Ji Ukp wkquiqphinil(k_09)-nil wpi[iu& quiififuil qnp^uil^jighhpji uipmiuhiujmnipjnihhhpp 

pkwui2 qnp&uil[Jighkpp Iquipnq hhp uipwiuhuijinhi quufifiu2 qnp^iul^Jighhpnil hhinhjuii Iqhpiq 



li Smpui&nLpjuiti Shimi_pjni_ti 


47 
































> (t:_08)-ni[ wpiluib uinh^nipjnihhhpji hpl^ni IjnqiSkpqpiuqifuiiquiinl^hinil g qnpkuilqgni[ h 

uijhnihhinli qpuihg ifhp Iqjipuinkinil ilhpnqpjui[ lupinrnhiiijwnipjnihhhpp, Iqumuihuihp 



f| sK = grv*(c&V) ^ | grj, = 

| \gBk = grVs(c^) ^ [grjx = gBk-s(cfy) 


> (S_06)-ni[ mpi[uib AhuiifinJunipjuih npnpji^hhpjipuihuiAhhpp qphhp hnp mhupni[ 




> 


ShunpnJunipjuih npnpfehkpji i[hpnqpjiui rnhupp puiqifmiqminIjhpni[ g qnpkmljgnil li uijhnihhinli 
qpuihg ilhp IjJipwnkinil(t:_13)-p ,l[uwuihuihp uijh hnp inkupnil 



gDl f 
gD ^ 


gW + (c ^) 2 
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li Smjim&nLpjmti Shimi_pjni_ti 






















> 3hmi[in]unLpjmh npnpfekkpp mpwmhmjwi[m&pkwml li qmihfml qnp&wl[]ighhpnil 





+ssi v (jri f ) +g(^r ; K ) 2 

(Six) 2 +^(^r; a ) + g(iri 1 ) 2 



> ShuiiJinJunipjiuh npnpji^hhpp lupiniuhiu]w 1(111 & qmihfml h qm if if m2 qnp&ml[Jighkpni[ 





(ry 2 -sr^ri,) + g(iri,) 2 

(r^) 2 -^(^) +g (ir^) 2 


t_18 



SliimjinJunipjiuh npnpfehkpp iupuiuihui]uii[iu&phmui2 h q unfit m2 qnpkml^Jighhpnil 


£_19 



ShmipnJunipjmh npnpfehkpp mpwiuhiu]wi[iu&phmml h phmiu2 qnpkml^Jighhpnil 


t_20 


li Smpui&nLpjuiti ShimLpjni_ti 
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> 3huii]in]unip]iuh npnpji^hhpp lupmuihuijmiluib AhuiiJinJunipjuihpn[np qnp&uil[}ighkpnil 




= K ( C K + + (In,) (\scdl v +gri,) 

= + fsr^) + (±r^)(i-^+gr^) 



> 3lnui[injunip]uili npngji^hkpji (k_18)-ni/ wpiluib uipmuihuijmnipjuih ilkp wkijiuqpkinil 
quijJjJiul qnp&uil[]ighkp]i uipwiuhuijwnLpjnLhhkpp (k_09)-Jig, hplqpnpq mhuuilqji 
AhuiiJinJunipjiuh npnpfehkpji huiifuip Ijumiuhiulip hhmhjiui uipmrnhuijwnipjnihhhpp 



t_23 


> 


Tjkpnqpjuii uinh^nipjnihhhpjig quiififm2 qnp&uiljjighkpp Ijiupnq hhp uipmiuhiujmhi 
AhuiiJinJunipjuih npnpfehhpnilhhwhjuii IjhpLq 
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li Smpui&nLpjuiti Shimi_pjni_ti 












































Uuiuhjilqp Unuihgpuipilhpp. 3huiiftnJunLpjuih Ziujljwljuih 

tim^mmmpmufhkpjii <§ Smppbjt UttmfpMi/fr 

Wfgjk Unh^mpjnLhhhpp 


U]u puidtinul iimuli]ilj]i uinuitigpuipi]bp]i ni_q]iq U huit[uiqmp& &Umi]in]imi_p]mti 
hmi]muuipni_iltibp]i ilb£ mbquiqpbpmj tiuijunpq puidtinul umuigi|uih <Uiuii]in]iini_p]uiti 
qnp&uiLQigtibpJi mpmuihui]mni_p]ni_titibpp, t[umuitiuitip 2,uijL[mt[mti <Uiuii]in|uni_p]uiti 
hmi]uiuuipni_iltibp]i ijbpgtimliuiti rnbupp, iljiuijti uijti puigumni_p]uiilp np ilbtip qbn 
iqbrnp t npn 2 bbp qunlilui2 qnpdml^jigbbpji mpmmhmjmni_p]ni_titibpp: Ujtmi_hbuiU 
ilmutiJiLQi Zinjl^uil^uih &Uuii]in}uni_p]mti hmi]muuipnultibp]ig libbp l^uuimbiutip 
iimub]ilj]i uipuiqni_p]ni_titibp]i Miuii]in]iini_pjuiti Zui]l|mljuib umtiyii_p]ni_titibpp: 


dmdmtimLQi b Suipui&ni_pjmb 2,ui]t[mlpiib Sbimi_pjni_b 
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> I'Jimiupljilnq diuuhjiljji uinmhgpuipi[hpji qjitytykpkhgjiui[kkpji (b_03)-ni[ wpi[w&pkqhmknip 
niqjiq AhuiifinJunLpjuih himluiuuipniifhhpp qpi[mk kplqwpnipjwk£miJinqmlqmknij&jmifp 




edTya — Bx^{CdTxa) + {cB\\i)dXxa 
dX^n — (±T^)(cdTxc) + r IpdXxa 


> l-Jiiniupljilnij ifiuuhjiliji uinmhgpuipilkpji qJiQQkpkkgJiwikkpJi (b_04)-ni/ wpi[w&pkqhmhnip 
hmlqmqmpA AhunpnJunipjuik himluiuuipniifkkpp qpi[iuk kpl^iupnipjuik^impnquil^mknipjmifp 


s 


< 


cdTxo 

dXxc 


BykicdTpa) + (cB^x )dX li(5 
(■^r \o)(cdT^) + T^dx^ 


> (C_01)-ni[ mpiluikpkqhuiknip mqjiq AhuupnJunipjiuk himluiuuipniifkkpji Ukp mkquiqpkinil 

AkunpnJunipjuik qnpkuil^jighkpji hmifwiqminmuJumh lupmiuhiujmnipjnikkkpp (k_09 / 10,12)-Jig / 
Iqummhmhp niqjiq AkuiipnJunipjuik Zuij^uil^uik huiiliuuiupniifkkpp 



cdT^t j — 


1 + s lX](cdTu,)+g^-dX la 


dX, 


HO 


c 

Vx H 


r 2 


dXxo - yr-(CdTxo) 


Xu 


> (C_02)-ni/ mpiluikpkqhuiknip hmlqmqmpA AkunjinJunipjuik hmilmumpnulkkpji ifkp 

mkquiqpkinil AhmiJinJunipjmk qnpkmlijighkpji hmifmiqmmmujumk mpmmhmjmnipjnikkkpp 
(k_09 / 10,12)-jig / Iqummhmhp hmlqmqmpA Ahmi]in]unip]mk Zuijlqwlqwh hmi[mumpnii[kkpp 
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li Smpui&nLpjuiti ShimLpjni_ti 








































> Uiuuh]il[]i qjimmplqilmd dmdmhml^hhpji (b_06)-nil mpi[md hmpmphpnipjnihhhpji 
Uhp mhpuipphinilphinuil hphuiui2 qnpdml^jighhpji lupmuihuijmnipjnihhhpp 
(b_09,10,12)-Jig / Ijumwhwhp qjimmpl^ilmd dmdmhmljhhpp. huipuiphpnipjnihhhpp 



C_05 


> ITmuhJilqJi uipuiqnipjnihhhpji (b_07)-nil mpi[iud AliunjinJunipjiuh mnh^nipjnihhhpji ifhp 
mhquiqphinilphinui h quiddui qnpbuilijighhpji lupinuihuijmnipjnihhhpp (b_09,10,12)-jig, 
1}umuihuihp duiuhjilqji lupiuqnipjnihhhpji AhuiiJinJunipjiuh Zuijlquilquih uinh^nipjmhhhpp 



> ITuiuhJilqJi mp mqn ipjn ihhhpji AhuiipnJiinipjiuh i[hpnqpjwi Zuijl[iul[iuh mnh^nipjmhhhpjig 
Ijiupnq hhp npnphi hiupiuphpuilquih mpmqnipjnihhhpji Zuijlqmlqmh lunh^nipjnihhhpp 
mpmrnh ill] mildmuhjilqji qjimmpjijmd mpmqnipjmhhhpnil 



li Smpui&nLpjuiti Shimi_pjni_ti 
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> Ziupuiphpuilquih mpiuqnipjn ihhhpji (b_ll)-nij inpiJiuZ uinh^nipjmhhhpji ifhp mbpiupphinij 
phinuil h q ill i[ifuil qnpbuilijighhpji uipmuihuijmnipjnihhhpp (h_09,10)-Jig h l/uiif (C_06)-ni[ 
mpijiuh ifuiuhjilqji rnpmqnipjnihhhp\Ji AliiuijinJimipjuih Zuijlquilqmh uinh^nipjnihhhpji ifhp 

mhgniif IjiumiuphinilhiuifiuuquiuimuJiimh hqpuijjih iquijifuihhkpji hpp O = A Ijiuif O = fi, 

ljuinwhiuhp hiupiupkpuiljuih uipuiqnipjnihhhpji AhunJinJunipjuih Ziujljiuljiuh uinh^nipjnihhhpp 



> Zuipuiphpuiljuih uipmqnipjnihhhpji AkunJinJiinipjuih i[kpnqpjuii Zuijljuiljuih uinh^nipjnihhkpjig 
ifhhp Iquuiuihuihp (£_ll)-ni/ uipqhh inpijuibZuijljuiljuih huiifiu^iuifi uinh^nipjmhp 


C_09 


C_10 


Zh 2 mni_p]uiilp Ipnpbjji t gni_]g mui^np (C_08)-niJ mpijuib huipuipbpuilpnti mpmqni_p]ni_titibpji 
Jump]mil Zuijlpnlpnti mnti£ni_p]ni_titibpp puiijmpuipnul bti ]ihphmhmlpnqmp&ni_pjuiti 
(involution) hmmlpii_p]uitip: Ujtimhbuih oqmijbpiij huipuipbpuilpnti mpmqmp]mbbbpji 
iiji 2 b (C_09)-mJ mpijuib huiifuipuiji Zuijlpulpnti uinhyuppiAiJig, lpupb|]i t gni_]g mui[huili np 
ilmubjil^ji mpmqmpjmbbbpji (C_06)-niJ mpijuib &huiijinjuni_p]uiti Zuijlpulputi 
uinhyiip]ni_titibpp bmjbiqbu punjuipuipnul bb Jihphuihuilpuquip&mpjuiti (involution) 
hmmljmpjmbp: (UupuiIJiui mumbnqbbpji hmiimp) 
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ctuiiIuihuilQi b Smpmbmpjmb 2,ui]t[ULlpiiti SbunLpjmb 























o 






> (X-pq h O-pi j) iJinJuuiquipA qjimuiplqnq JihhpgJiuii huiifuilquipqhp iljipli niqjiq h 

mhi}puii}uipAiliu& uipuiqnipjnihhhpji AhiuipnJunipjuih Zmjljiuljiuh uinh^nipjnilihhpp 



> ([H-pq h O-pq) ijinJuiuqiupA qjimuipljnq JihhpgJiiui huiifuiljiupqhp iffiph niqjiq h 

111 hqpmquipAilmb uipuiqnipjnihhhpji AhuiiJinJiinipjuili Zuijljuiljuih uinh^nipjmhhhpp 



> OnJuiuquipA uipuiqnipjnihhhpji AliuiiJinJunipjuih i[hpnqpjuii Zuijlquiliuih uinh±nipjnihhhp]ig 
Uhhp liumiuhiuhp qpiuhg iljipli Ziujliiuljiuh huiifui^uiiji uinh}_nip]nihhhpp 



v 



1 



li Smjim&nLpjmti Shimi_pjni_ti 
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> (b_09)-ni[ wpiluibhuiifui^uiip. uinh^nipjuih Uhp inhquiqphini[ phinuil hphmui2 qnp&uil[]ighhp]i 

uipmuihuijmnipjnihhhpp (b_3) tp]ig, Iqumuihuihp hhwhjuii uinh^nipjnihp 


C_14 



( b_10)-nil wpi[iu& uinh^nipjiuh ifhp mhqunjph[ni[ qmififml qnpbiuIjJighhpJi 
lupmiuhiujmnipjnihhhpp (h_09)-Jig / Iqumuihuihp hkinlijiui uinh^nipjnihp 





> (C_14)-nil uipi[w& uinh^nipjuih ifhp uihgmif Iquiinuiphinil hqpuijjih iquijihuhji 

hpp O = A Iqumuihiuhp hhmhjuii uinh^nipjnihp 




> (C_14)-nil wpiluib uinh^nipjuih Uhp uihgmif Iquiinuiphinil hqpuijjih iquijihuihji 

hpp O = ji Iqumuihuihp hhmhjuii uinh^mpjnihp 
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li Smpui&nLpjuiti Shimi_pjni_ti 




































> 


Oqunlhini[ qjimuiplqnq JihhpgJiuii hiuduilquipqhpji uhijiuilquih duiifiuhiu^hhpji (b_18)-m / mpi[iud 
mpmiuhuijinnipjnihhhpJig h qpuihg ilhp mhquiqphinil(b_10)-ni/ h (b_12)-ni[ wpi[iubphwiu 
qnpduil^jighhpji lupmiuhuijmnipjnihhhpp, Iqumuihuihp hhmhjuii uinh^nipjnihhhpp 





r l^dT, 


^X 




r %dT: 


l-p- 



C_18 


> 


Zuii[iuljiupqhp]i uhijiiulquih duiifuihuilqhhpji (b_19)-nil mpiluid Auiju I^nqdji uinh^nipjnihhhpp. 
Uhp inkquiqpkinilphinuil qnpduil^jighhpji lupmiuhuijmnij&jnihhhpp, Ijummlnulip 



C_19 


> Zuii[uiljiupqhp]i uhijnulquih duiifiuhiul^hhp]i (b_19)-ni / mpiluid uip JjnqifJi uinh^nipjnihhhp]i 
Uhp mhquiqphinil quidduil qnpbiuIjJighhpJi lupinuihlujinnipjnihhhpp, Iquinuihuihp 


r 


< 


V 


-fr-dTty 

V -^dT^ 


nx 




^ r2 


C 


n,dn 


C_20 


li Smjim&nLpjmti ShimLpjni_ti 
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Qnultt # 


UniupfiM £hi}himSBMjjl% SliunjinJunLpjmtl 

timfmmmpmmMihpJi Uinuignmlp 


U]u puidtmul ilktip umuitmul blip uinui^Jiti mbumlj]i <Uimi]in]imi_p]uiti 
hmi[miiuipni_iltibp]i uibugp, nprnbq rn^rnl qnpduit[]igtibpp qkn uitihuijui hb: Uhp 
uuimgilmti uiipmgnLjgp uijtipuiti JuJium puijg hbmmqui]ni_if huiiiuiiquiuimujuiuh 
hmmnpji ilhg mmu^Jib uibuml^Ji &hmi]in]\ini_p]mti hmi|umuipnultibpp ilbtip 
Ijuipuiuihhlip milbtimjujiiim <Uinv[ U hkmliuipuip uiju huimnpnul ilblip uijlipinti tp 
dmuihnqi]ui& £_btig uqq iluiujiti: U]u puidtmul libbp gmqg hbp muiptiu brnli np 
mnuigjiti mbumlj]i &Umi]in]uni_p]mti hmi|umuipnultibp]i npn2|i^bhpp huitiq]iumtinul 
hb pingmuml^mb ilbdni_p]ni_titibp: 
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dmdmtimlQi b Suipui&ni_pjmb 2,m]t[mlpub Sbuni_pjni_b 







> 'Trjiwiuplinri JihkpgJiuii huiifuilquipqhpp phiqpmif ( , 7_12)-ni / h (wpi[iu& uinuipjih 
mhuuilqp mqpq h huiIquiquipA AhuiipnJunipjuih huiiluiuuipniifhhpp qphhp hplquipnipjuih 
^mijinqmljmhnipjiuifp hhmlijiui l^hpiq 



Ouilii} 6Uuii)in[unipjuiQ huii[iuuuipniGGbpp 

cdT& = a{^cdT lv ) + (capdX^ 

dX^ = [^[^{cdT^ + ^dX^ 


U 


<uilpmpupd dUuiitinJunipjiuG huu|uiuuipnuSGbpp 

cdT^ = a^cdT^ + ica^dx^ 

dX^ = {^^{cdT^ + rf^dX^ 


ia-_oi 


> Oqinilhinil i[hpnqpjiui uinuipph mhuuilqp AhiuipnJunipjiuh hiui[iuuiupnii[hhppg Iquipnq hhp 
huipilhi mqpq h hiuljmqmpA hiupiuphpuilqiuh uipiuqnij&jnihhhpp AhuiipnJunipjuih 
uinh^nipjmhhhppph^iqhu gmjg t mpiluib umnpli 



> Zuipiuphpuiljiuh lupiuqnipjnihhhpp AhuiipnJunipjuili ilkpnqpjuii hnp uuiiugi/iuh 
uinh^nipjnihhkpp himliuuuiphghhhp hmpmphpmljiuh tupwqnipjnihhhpp 
AhuiipnJunipjuih (C_08)-nil wpiluibZiujlquil^uih uinh^nipjnihhhpph 



li SmjimbnLpjmli ShimLpjni_ti 
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> 


I3-_04 


(ld'_03)-nil uipijuifr himjuimupniifhhpp iquipqhghhiml Ijuuimhmhp hkuihjwi 
huiijuiuuipniifhhpji hiui[uiljiupqp 



> Hhpnqpjuii himluiuuipniifhhpji huiifuilquipqp Iquipnq hhp qphi ijhpini&ijui&pum 
h m ifui iq m ui ui uJn uih huipiupkpuiljui h tup uiqn ipjn i h hhpJi ui u inJi diu hhhpJi 



> Hhpnqpjuii himluiuuipniifhhpji hmifmlqmpqji huipuiphpuilquih tup uiqn ipjn i h hhpJi pninp 
muuijidmhhhpji qnp&uiliJighhpp iqhuip t huiijuiuuip ]_Jihhh qpnjji 


13- 06 





= 0 


r 






= 0 


«i r + nl+Wto = 0 >* < a ^ + i ! l a + i s i' tl 


f ¥ 


= 0 


nx 


cafr+sri 2 = 0 


V 


> HhpnqpjuiiJig oquiilhimj uinuipjih uihuuilqji AhuiiJinJunipjuih huiijuiuuipniifhhpji qnphuil^jighhpji 
huiifuip ifhhp Iquuiuihuihp hhuihjuii uipdhphhpp h uipuiuihuijuinipjnihhhpp 


13- 07 



Til = 0 

•AH 


r 


n 


AH 

2 

AH 


«XH 


< 


cal h 


= sa 


Xu 


V 


ri\ 

I |iX 

nV 

cafa 


= o 


= -a 




= sa 
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li Smpui&nLpjuiti ShimLpjni_ti 





































> 


(&_07)-iul mpi[iud uinuipjih whuuil[]i AliunjinJunipjuih himliuuuipniifhhpji qnpduilijighhpji 
uipdhphhpp h uipumihiujmnipjnihhhpp mhquiqphinil(Id'_01)-ni[ mpiluid mniupjih inhumlj]i 
mqjiq li huilqiuquipA AliuiipnJunipjuih huiiluiuuipnii[hhp]i ifhp, liumuihuilip 



flu|}ui dliuiiJinJunipjiuG huii[uiuui]inuIGhp|i 

cdTpi = al^cdT^+sdXif) 
dXyx ~ — 


<wljiurpii]id dUmiJinfunipjiuG hiuiluiuuipnidGtipp 


u < 


cdT ln = a'^cdT^+sdX^) 


dX\^ 






ia-_08 


> OnJuuiquipA qjimuiplqiliud uinuihgpuipilhpji i}]i$$hphhg]iuiihhp]i ilhpnqpjuii 
AhuiiJinJunipjnihhhpJig Ijumiuhiuhp ifinJuiuquipA qjiwiuplj 1(111 fr duiifiuhuiljhhp]! 
qji^^hphhgjiuiihhpji ifjipli hhmhjuii lunli^nipjnilihhpp 


0-_O9 



> Hhpnqpjuii uinh^nip]nihhhp]ig hhmlinid t np uiiftuil qnpduil^jighhpp pimluipuipniif hh 
huiIquiquipAnipjuih iquijifuihjih 



0-_lO 


r buipqni_p]uiti hunluip ilbtip t[uipnq blip ptiqni_tibp np rn^uil qnp&uiLQigtibpp 
huiijumuip hb vftlqji: Pui]g miibb liji ptiqni_tibini_p]ni_ti mnmbg uiiquignigilmti 
l^mpnq t ilbq qpljbp miibbmphqhmlinLp pii_&nulp quitibpn. hm^nijpjig li hhmlimpmp 
ilbtip t[huiiluipbtip np mp^rnl qnphmlj]igbbpp mnuijchl nitibli iiblj]ig mrnppbp 
uipdbptibp, puitiji qbn £_Ji miqmgnLgi|bphml|mnmljp: 




ia-_n 


dmdmtimlQi b Suipui&ni_pjmb 2,ui]l[mlpiib Sbimi_pjni_b 
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> Ukhp phqmhniil khp np uiifkhuiphqhuihnip qkvqpnid ui[$uil qnpduil^Jighkpp mhhh itklqjig 
iniupphp ijpiuljmh uipdkphkp, Jiulj unlh]_[i Upji hkuiuiqnmnqhkpp pnq phhuiplqkh hiuli ui[$uil 
qnpduilijighhpjipiugiuuiulpiih uipdkphkpji qkiqpp 


&_12 



> Unuipjik mkuuilqji AkunjinJunipjnikkkpJi qkvqpmd, (I^_08)-nil mpi[iud AkunjinJunipjuih 
uiifkkuipkqhuiknip himliuuuipniifkkpji npnpji^kkpp Ijiupnq khp uipmrnhlujuiki ui[$uil 
qnpduiliJighkpnilhkmkjuii l^kpiq 


I3-JL3 


I f D{, = - (al ,) 1 < o 
I [ D'^ = - (aja) 2 < o 




Zkinkuipuip uii$uil qnpduil^Jighkp]i uipdkphkpp IjiuJiiiliud IjjJihkh hiuifiuiqiuwuiujiiiuh 
lunuipjih mkuuilqji Akuii/inJimipjnihhkp\Ji npnpji^hkpJig 


> UuihifuikuijJik qktqpmrf kpp qjimiupl^nq huiifuilquipqkpp huiifphlqhmif kk Jipuip hkw, npp mkq]i 
Iqnikkkui kpp ilkkp pkqnikkkp A = \X , uiiqui uijq iquijifuikji qkiqpniif ui[$uil qnpbuil[]ighkp]i 
ukifiuilquik uipdkphkpp huii[uiuuip IqjJihkh i[kl[]i 


I3-JL5 



62 


(^mJmhmlQi li Smpui&nLpjuiti Shimi_pjni_ti 






















Unuipjiti li Jjpljpnpri SkuuiljJi 3hunJinJunLpjnLhhbpJi 'IkiqpkpnLif 
Jtw jlqui 1/IM& U'Jipuil^iujpkpJi ft Ikmuiqn inniifp 


cbuiiluibuili]i U Suipuibni_p]uib Zuijljmlpnb Sbuni_p]uib bbg libbp pbqni_bnul blip np 
upnmuihuiptibpp mbq]i bb nibbbnul iqmm^mmnhbmbmbpm]]ib 2 ^ Ln pl 1 l 11 l^ 

npnijhbmb bbbp pbbuiptpul blip ilmutiJilQi 2 m P c hIuib qu^uiji mmpuihiluiti 

qbiqpbpp b hbuibmpinp Zuijlpnlpnb lijiguil^mjp]! p|i^) 5 )bpbbg]im]^bbp]i puinuilpiLuJibbpp 
iiji2m iqbrnp b pfibbb qpuit[mb ilbhni_p]ni_bbbp, bpb ^Ji uiui]ni_il, ui^puib: 
fci[ miibbmjb hmi|uibuil[uibni_p]milp libbp uiiqpnul bbp ui]biq]iu]i mjibqbppnul nprnbq 

Zuijlpnlpnb ii|i2ml|m]p]i q}i^bpbbg]im]]i puinuilpimjib qpuilpnb ilbbni_p]ni_b b b hbuibmpinp S 
b g uijibqbpuilpnb huiumuiuinib ilbfrni_p]ni_bbbpp pmijmpuipnijl bb hbmbjm^iqmjiimbjib: 



cFunlmhuibli b Suipui&ni_pjmh Zmjbmljmb Sbuni_pjni_h 
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> 'Trjiwuiplinii JihkpgJiuii hiuifuiljiupqkp]i iJinJuuiquipA piupdihuh qjimuipljifiuh qhvqpmif Zuijljiuljiuh 
i[Jipuiliiujpkp]i ijJiQQkpkhgJiuiihkpJipurnmIqn iuuij /ih mpmiuhiujmnipjnililihpJi uuihifuihniifp, 
npnhp iqmmdmnmhkmhiuhpuijjih Iqimqji pknphjiil vqkrnp k]Jikkh qpuiljiuh dhdnipjnihhhp 


— {cdTi^Y + S(cdT\ii)dX\yi + g{dX\^) > 0 

{dbyxf = (cdT^) 2 J rS{cdT v x)dX v x + g(dX [i x) 2 > 0 



> Hhpnqpjuii Zuijlquilquih ifJipuiljmjphpJi q]i$$kpkhg]iuiihkp]iptunmIqniuiu]Jih 

uipmuihuijmnipjnihhhpp Iquipnq khp khpl^uijiughki liiuli iJinJuuiquipA qjimuiplqiluid 
hmpiuphpinIjmh uipuiqnipjnihhhpnilhhmhjuii Iqhpuq 


Vif vl f 


< 


(dh r )‘ = (i+i-it+g-jf | (cdT lf y > o 
(<M 2 = | l+i-^+g-^f- > o 


> Ziujljiuljiuli djipiulquijphpji i[kpnqp]iuipuinuilqniuuijjih uipmiuhiujinnipjnihhkpJig hkmhniif hh 
niqjiq h hiuljiuqiupA hiupmphpiuljiuli uipmqnipjnihhhpJi npngifuili uijipnijphhpp 



l+s-p^+g 


V, 


1+^+g 


vl 


v\ 


> 0 


> 0 


> 'l-Junuip Ijnij ph hpgjnv i hiinfill Ij wpqhpji ipnfuuiipupA piujidifiuh /jhujpni if hiupi/hhp 

((f_01)-ni L l wpiluibZuijl[iul[uih ifppmJqmjphpp pppphphhgpuiihhpppuimul[nLuuijph 
uipmuihuijmnipjnihhhpp uuihifuihuijph ijhu/pnuf hpp qpmuiplqnq huiifwlpupqhpp 
hmitphl^hniif hhppuip, npp mhqp IqnLhhhvu \JL = A h A = jJ. upujiluihhhpp qhiqpntif 


04 


f n = X - (<fe») 2 = (cdT a f + Sicdn^dXa + g(dX a f = (cdZx ) ! 
A = /i — (db m f = (cdT w f +S(cdTpdX m +g(dX m ) 1 = (cdtp 
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li Smjim&nLpjmti Shimi_pjni_ti 































> Phhpgjivui huiihuljiupqhpp. ijinJuuiquipA puipdihuh qjimuipliihuh qhiqpniif (d_01)-m / mpiluid 
Ziujljmljiuh ifjipuiliuijphpji qjitytyhphhgjiuiihhpjipuinuiIqn luuijJi h uipmwhuijmnipjnihhhpji ifhp 
whqwijphinil (Id'_08)-ni[ uipiluid uinuihgpuipi[hp]i qji^hphhgjiuiihhpji h m dm iq m ui in uju m h 
AhwifinJunipjiuh huiiluiuiupnLifhhpp, Ijumiuhiulip hhmlijiui uipuiuihuijmnipjnihhhpp 


[ ' (dbirf = (cdT^f ^Sicdr^dX^ +g(dX lv ) 1 = 

= (a'^cdT^f + sicdT^dx^+gidXf,.) 2 ] = (a'^fidb^) 2 

(db^f = (cdTpi) 1 + s(cdTfi.)dX^ +g(dX fll ) 2 = 

^ = (al^cdn^ + sicdT^dx^+gidx^) 2 ] = (aj ,) 2 ^,) 2 




d 05 


> 


Ziujl[uil[iiih iljipiulqiujphpji pji^)^)hphhgjiiuihhpjipiuniulqniuuijjih uipmuihuijmnipjmhhhpJi 
i[hpnqpjiui hplqni AhuiiJinJunipjnihhhpp qphhp ifjiuiujih h uijhnihhmh oqwilhinilZuijl^uil^uih 
iljipuiliuijpkp]! himliuuuipnipjuih uinuipjih hjiifhuiqpmjpjig, Iqumuihuihp 



> Ziuifui&uijh (Id'_12)-Ji Z? Ijumiuliiulip np ui^uil qnpduilijighhpji uipdhphhpp hiuiluiuiup 

hh ppuilquih li hkmhuipiup (fi‘_13)-Jig Ijuinmlnulip np lunuipjih mhuiuljji AhimpnJunipjuih 

himluiuuipnidhhpji npnpfehhpji uipdhphhpp huiiluiuuip luJihhh puiguiuuiljuih dhliJi h (fo_09)-]gg 
Ijuiniuhiuhp ifinJuuiquipA qjimuipljiluid dmifuihuiljhhp]i UJiph Zuijl^uil^uih uinh^mpjnihhhpp 



> 


Puli m L$ m l qnpduiliJighhpji uipdhphhpp ilhpnqp]uijjig inhquiqphini[(&_08)-]p ifhp 
Ijumuihuihp ijinJuuiquipA qjimuipljilmd uin ui hgp mpilhpfi qjitytyhphhgjiuiihhpp. 
Ahuii]in]unip]uih Zuijl[uil[uih huii[uiuuipnii[hhpp 


flu|Jir[ dliuiiJinJunipjuiQ hun[uiuui]inu5 Ghpp 

cdTyx = cdTxp + sdXty 
dXyx = — dX\ (j 


^uiliuiipupd dLuii|infunipjiuG huiijuiuuipnidQhpp 

cdT,» = cdT^ + sdX^ 


dX Xil = 


-dX, 






d 08 


li SmjimbnLpjmli ShimLpjni_ti 
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d- 09 


> 


U'aiuhjiIqp qinpdifwh qjunmp Iqihuh qhuqpni if ^uijlqiu Ijiuh ifjwiiilqiujphjip qji QQkpkkgJiui[hkpji 
pmnmlqnLuuijJih m p ui uih mjuinipjn ihhkpji uuihifiuhniifp, npnhp iq m in hfuin whhinliiuhp mj]i h 
Iqunqji phnphjiil iqhinp k jjikkli qpuilquih ifk&nLpjnLkkkp 


{ (df7\o) - (cdTxa) + S{cdTiv)dXiv + g(ciXi G ) > 0 
(db^fj ) = (cdT^) + S(cdT^ )dX^ + g(dX ^) > 0 


> 


& 10 



Ziujljmljmh jJJipuilquijphpJi qJiQQkpkhgJiuiihkpJipurnmIqnlumjJih uipmuihuijmnipjnikkkpp 
Ijiupnq hhp hhpl^iujuighhi huih ifuiukjilqji qjimiuplqiluik uipuiqnipjnihhhpnilhhwhjuii l^kpiq 


> Ziujljiuljiuh iljipuilquijpkpji qjitytykpkhgjim[hhpjipuinmIjn lulujJi h uipmuihuijwnipjnihhhpjig 
hkmhniif kh ifuiuhjilqji uipuiqnipjnikkkpji npnpifiuh mjipnijphkpp 



& 12 


> (cf_09)-ni[ wpiluib Ziujljiul^iuh ifjipuiliuijphpji qji^^kpkkgjimikkpji p uin m l/n luluj Ji h 

uipiniuhiujinnipjnihhhpp huipilhhp hqpuijjih iquiji[iuhhhp]i phiqpniif hpp O = A li O = jJL 



(fifcu ) 2 = (cdT a ) 2 + S(cdT a )dX a + g(dX a ) 2 = (cdh ) 2 
= (cdT^i) + S{cdT^)dX^ +g(dX^) = (cdz 
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(^mJmhmlQi li Smpui&nLpjuiti Shimi_pjni_ti 































> bplqpnpq mkuuilqji AliunjinJunipjnihhhpJi qkvqpnijJ(cf_09)-ni / mpiluid uinuipjih 
Zuijljiuljiuh i[jipuil[iujp]i uipmrnhill]uinipjiuh ifhp mhquiqphinil (C_02)-nil mpiluid 
iluiuhjilqji uiniuhgpiupilhpji qji^^hpkhgjiuiihkpji huiIqiuquipA AhuiipnJunipjuih 
himluiuuipniifhhpp, Iqumuihuilip hhmlijiui uipmuihiujmnipjnihp 


[ (dbus? = [(Si) 2 +g(irix) ! ](crfr iro ) 2 + 

+2 [ 3 ^(cSix + jsrix) + (ir>x)(i- 5 CSix +grix) ](cdT f(s )(dX„) + 
+[(cSix) 2 +i(cSix)rjx+g(rix) 2 ](* M o ) 2 


d 2 13 


> 


bpljpnpq mhuuiljji AhunjmJunipjnihhhpJi qhujpniil(d_09)-m / mpiluih bpljpnpq 
Ziujljiuljmh ikJipiuJjuijpli uipmuihui]uinipjiuh ifhp mhquiqphinil(C_01)-ni/ mpiluib 
iluiulijil^ji iunuihgpuipilhp}i qji$()kphhgjiwihkpji niqjiq AhmipnJumpjuih 
himluiuuipniifhhpp, Ijumuihuihp hhmlijiui mpmiuhiujmnipjnilip 


[ (dfj^) 2 - [(SJn) 2 +g(y-r{ M ) ^(cdTiaf + 

+ y-STJn) + +gRn) ~^(CdTi(s)(dX\o) + 

+[(cB 2 J + s(cBl»n»+g(n ,) 2 ](dx lG ) 2 


W A 


d 2 14 


> Oqwi[hinil(b_17)-ni[, (b_19)-ni/ li (b_21)-ni/ mpiluihnpnpfekhpji uinh^nipjnihhhpjig, 
Zuijljmljuih ifJipiuljiujphpJi qji^^hphhgjiuiijipmnuiljniujihhpji t[hpnqpjiui hpljni 
AhuiipnJunipjnihhhpJi hunfuip ljummlimhp hhmhjmi uinh^nipjnihhhpp 



{d( 7 \c ) 2 
(d 6jia) 


D^[(cdT, a ) + S(cdTy L (j)dXy L <j + g(dXy L (j) J — D^{db^) 
D \^[ {CdT\a ) + S(CdTia)dXia + g(dX)^ ) J = Dl^dbiv) 




d 2 15 


> Oqmt[hini[Zuijljuiljmh U]ipuiljuijphp]i hiu 1(111 umpn 1 pjmh mniupjili hJuJhwqpnijpJig h rnjli 

l^Jipuinhinil(cf_15)-Ji ifkp, Iquuiuihuihp np hpljpnpq mhuiuljfi AhmiJinJunipjmh huiiluiuuipniifhhpji 
npnpfekkp] 1 uipdhphhpp huiiluiuuip hh qpiuljiuh dhljji 



li Smjim&nLpjmti ShimLpjni_ti 
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> (S_10)-nil li (3_ll)-ni/ mpiluib uinh^nipjnihhhpp Iquipnp hhp qphi ifjiuiujih hhmhjuii l[hpiq 


17 



> (t:_18)-ni[ wpiluib uinh^nipjnihhhpp IqiJihhh 


& 18 



(n H ) 2 -^(iri H ) + g(ir {,) 2 = 
(r^) 2 -^(ir^) +g (ir^) 2 = 



> 


19 


(t:_20)-nil wpi[iu& uinh^nipjnihhhpp Ipjihhh 



(c&j-sm^giKf 



> (£_21)-ni/ mpiluib uinh^nipjnihhhpp IqjJihhh 


& 20 



KipK + 7^) + (i r V)(y«$, + gl^) = 
^(c^ + |^) + (^)(j^+gr^) = 
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li Smpui&nLpjuiti ShimLpjni_ti 


























> cfmi[mhml]Ji h Smpmbnipjmh Ziujljiuljiuh S bump] mb mnmpjib hjidbmqpnijpp, hmifmAmjb 
(cf_06)-Ji h (cf_16)-Ji / Iqmpnq blip bbplqmjmgbbi iqmmlqbpmilnp uibupnilhbwhjuii l]bpu] 



(dbi ) 1 = (dbiy ) 2 = (db^y 


( db 4 ) — (db\c) 


(d b^a ) 


L A 


d 21 


> 


cfmifmbmlqji h Smpmbnipjmh Ziujljiuljiuh Sbumpjmh mnmpjib hjnfbmqpmjpji i[bpnqpjuii 
iqmini]bpmi/np mbupp Iqmpni 7 blip hbplqwjwghbi limb ujmmljbpmilnp hbwhjmi l]bpu] 



d 22 


> bplqpnpq mbumlqji AhmijinJunipjnibbbpJi qbiqpmif oqmilbini[(cf_12)-ni/ mpi[mb 

Zmjlqmljmh ifJipiuljiujpbpJi q]i^)^)bpbhgjirnjjipmnmIqnlujihbpJi ubipmljmb mpdbphbpjig, 
Iqummhmhp hbmhjmi Iqmphnp hbmhnipjmbp 





cf 23 


> Zbmhmpmp (d_22)-nt[ mpi[iubZmjlqiulqiuh ifjipmlqmjpji qji^^bpbbgjimjjipmnml]n 1 uuij /1 h 

mpmmhmjmnipjmbp, hmifmbmjh (cf_23)-]i, Iqmpnq blip hbplqmjmghbi tqmmlqbpmilnp milbjji 
ipjiil mbupni[hbwhjmi l]bpu], npp ZJipui t O gn 1 gjijji giulilqiugmb mpdbpji hmifmp 


d 24 



li Smpui&nLpjuiti Shimi_pjni_ti 
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> Zuijlquilquih Iquijmh ifjipuilquijpji q]i$$hphhg]iiui]ipuinuilqniujihhpji (cf_24)-ni/ mpiluih 

iqiumljhpiuilnp mhupji ifjiuijh qniquihhn himluiuuipnipjnihhhpp, huiifuiAuijh (cf_02 / 10)-Ji, 
Iquipnij hhp qphi ifjiuiup.h h hiuifuiiquimuiujuuih uipuiqnipjnihhhpnilhhwhjiui Iqhpiq 




> Ziujlquilquih Iquijmh ifjipuiliuijp]! qji^^hphhgjiuijjipmnuilqniujihhpji (cf_24)-ni/ wpiluib 

iquiinljhpiuilnp mhupji uiniupjih h kplqpnpq. nippiuhiujuighimliuuuipnipjnihhhpp Iquipng hhp 
qphi djiuiujih h hmifmiqmmmu]umh uipuiqnipjnihhhpnilhhmhjuii \hpiq 



> Zuijlquiliiuh Iquijmh ifjipuilquijpji q]i$$kpkhg]iiui]ipiunuilqniujihhpji (cf_24)-ni[ mpiluih 
iquimlqhpimlnp mhupji ifjimjh hppnpp nippuihuijuighuiiluiuuipnipjnihjighhmhmif t np 
qjimuiplqnri JihhpgJimi hmifmlqmpqhpji uhjimlqmh diuifuihuilqlihpp Jipuip himluiuuip hh 



21-prj. quipp iJilitpi t Zmjlpulputi q{imni_pjuiti hmr[puip2 mi ll 1 qui]im 2 P 2 mti 
(14 Znlimhiiphpji 2016p., bplimti) 
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bmJmtimlQi li Suipui&nLpjuiti Zmjljmlputi ShimLpjni_ti 






























































LTuiuhJilip fiuiJiii Cuipdifuih ShuiifinJunLpjiuh 
Muijljiuljmb Zui z / iMWMfn iifhhpjig UinuihiMg 
WwiMkJiljJi Uhijp Cmpdbmb 
SlbM ipn/un l pjw& 4np§5 mtyiuh 


U]u puidtmul ilbtip miqmgni_gnul blip np iluiuti]it[]i mhqpmquip&ijui& 
uinuitigpuipijbp]i &hmi]in]uini_p]mti Ziujl^uilpiiti hmi]uiuuipnultibpp ni_tibti ilumtijiliji 
nipjip uinuitigpuipijbp]i ^UimJinJunLpjmb 2,ui]l[mlpnti hmi|mumpnuibbp]i rnbupp: 
Zbuihuipuip iluiuti]it[]i nLrQiq U mhqpmquip&i|ui& uinuitigpuipi]bp]i Mimi]in}uni_p]mti 
hmv[mumpnLiibbp]i mbupp ni_ti]i mjibqbpuiljuiti ptmujp: 


dmdmtimlQi b Suipui&ni_pjmb 2,m]t[mlpub Sbuni_pjni_b 
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> 


(HI 01 


(cf_08)-Jih hmifmhifmh, (A, O) hmi[mlqmpqhpji ifjipli lunuipjih mhumlqji AliiuijinJanipjnihhhpji 
qkvqpnijJ ijmJumqmpA qjimmplqilmd mnmhgpmpt[kp]i AlimijinJunipjmh hmi[mumpnii[hkpp 



> (cf_08)-Jih hmifmhifmh, (11,0) hmifmlqmpqhpji ifjiph mnmpjih mhumlqji AhmijmJunipjnihhhpJi 

qkvqpniif ipnJumqmpA qjimmplqilmd mnmhgpmpi[hp]i AhmijmJunipjmh hmi[mumpnii[hhpp 


(HI 02 



U 



Ccil\i(j + sdXyfi 



> 


(HI 03 


(cf_07)-Jih hmifmhifmh, (A,0) h (11,0) qnijq hwifwljiupqhpji ipnJumqmpA qjimmplqi[md 
dmifmhmlqhhpji qji^^hphhgjimihhpji ifjiph Zmjljmljmh amh^nipjnihhhpp IqjJihhh 





tfll 04 



> A-pij h fi-pq hmifml^mpqhpjig O ifmuhjilqji niqjiq qjimmplqifmh qhiqpniif 

ifmuhjilqji tun mhgpmpi[hpJi qjififihp h tig ft mi hkpji AhmipnJumpjmh hmi[mumpniifhhpp 
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li Smpui&nLpjuiti ShimLpjni_ti 


























> 


A-pjj h jJL-prj. qjimmpljnq JihhpgJimi hmifmljmpqhpji hljmmifmifp O ifmuhjiljji (cfLt_04)-ni/ 
mpi[mA niqjiq AhuiiJinJunipjiuh himluiuuipniifhhpji Uhp wkqmqpkinil (cFU_01,02)-nil mpi[mA 
niqjiq mnmhgpmpi[kpp, Ijummlnulip mhqpmqmpAi[mA uiniuhgpiupilhpji niqjiq AliiuijinJimipjmh 
hmi[mumpniifhhpp n± pmgmhmjm mhupni[ 



Bi^icdT^i + sdXcx ) - (cB\\i)dXa\ 
+ sdX^x) - Tl^dXcx 


k A 


cfU 05 


> 


A-pq li IA-pg qjimmpljnq JihhpgJimi hmifmljmpqhpji hljmmifmifp O ifmuhjiljji (c?Lf_04)-ni/ 
mpijmh hmljmqmpA AlimiJinJunipjmh hmijmumpniifhhpji ifhp mhqmqphiml (cfU_01 / 02)-mJ 
mpiJiuA niqjiq mnmhgpmpi[kpq, ljummhmhp mligpiugiupAiJiuA mnmhgpmpijkpji hmljmqmpA 
AhmiJinJunipjmh hmijmumpniifhhpp pmgmhmjm mhupm[ 



By^{cdT(5\ji + sdXc^i) - (cBlx)dX^ 
+ SdX aji) - r 2 ^dx^ 




cJU 06 


> UmuhJiljJi mhqpmqmpAi[mh mnmhgpmpijhpji (c?U_05)-ni / mpijmh niqjiq AhmiJinJunipjmh 
hmijmumpniifhhpji ifhp, hmifmAmjh (cf_17)-ni[ mpijmh rnnhjmpjnihhhpji, AhmiJinJunipjmh 
niqjiq qnphmljjighhpp ijinjumpjihhimj hmljmqmpA qnphmljJighhpniJ, ljummhmhp 



T^icdTr,,.) + (srj, + cB^dXa. 
(£r lo.)(cdTa) + (Sjx+ 


k A 


tfU 07 


> 


TJuiubplqp ui bqp iwq lupA i[ tub lumu bgpwppbpp ( cfU_06)-np mppiub hiulquiquipA AbunpnpjiiLpjwb 
hunlwuwpnLi{hkp]i ifhp, huiifuiAuijh (cf_17)-ni/ ui p ij mb mn In n l pjn l h h b p p, Alim i/i n pirn pj m h 
huiliuiquipA qnpbm ppgb bpp ipnpimjiph b^ip ni tjJitj qnpbm ppgb bjinp, Ipnnuihuihp 



CdTsi + SdXzi 
dX ox 


Tl^cdT^) + (sTip + cBlpdX^ 

ly^iCdToy) + (p}^ + S-^rl^dXcn 


k A 


cfU 08 


li Smpui&nLpjuiti ShimLpjni_ti 
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(HI 11 


> Ujhnihhmh (cfU_07)-Ji kpljpnpq himluiuiupifuih ifhp mhquiqphinil(h_08)-nil wpiluifr 
hiuljiuqiupApkiniul qnp&iuljgji uipmrnhuijuinipjnihp, Ijumiuliiulip 


r 


(HI 09 


cdT^ + sdXts^ 


dX, 


an 


^.(CdTa,) + (cBl:, + AT )dX r „ 
(jT'^ycdT^ + r^dXax 


> bifuih Ahm}(cfU_08)-Ji kpljpnpq himluiuiupifuih ifhp mhquiqphinil(k_08)-m / mpiluiA 
niqjiq phmml qnphuil^gji lupinuihuijinnipjnihp, Ijumiuhiulip 


r 


tfll 10 


CdTai + SdXox 

dX<si 


+ (cBl^ + SYlpdX^ 

(’ey'll) (cdTap) + T ly.dXcp 


> (cfU_09)-ml inpi[uih huiiluiuuipniifhhpji hiuifuiljiupqfi huiifuiuihq inihmifjig Ijwpnq hhp 

npnphi uihqpuiquipAiluih uinmhgpiupi[hp]i niqjiq AhmiJinJunipjmh huiiluiuuipniifhhpp 




< 


cdT^ - B^XedTax) + (cB^jJdXai 
dX^p = (cdTox) + T 2 pxdXcx 


> (cfU_10)-ml inpi[uih huiiluiuuipniifhhpji huiifuilquipqji huiifuiuihq inihmifjig Iquipnq hhp 

npnphi uihqpuiquipAiluih uinuihgpmpilhpji hiuljiuqiupA AhmiJinJunipjmh huiiluiuuipniifhhpp 


r 


(HI 12 


< 




cdTc„ — Bl^dTan) + {cB\n)dXan 
dXax = (^T'pcdT^ + TlndX, 
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li Smjim&nLpjmti ShimLpjni_ti 






















> LTuiubJiI^Ji nipjip puipdifuih pjiuiuipljifuih pkiqpmif, huiifuiAuijh (C_03)-]i, ifuiuhjiljji 
uinuihgpuipi[kp]i ijfififihpkhgjiiu[hkpji Ziujljiuljiuh phphuihmp nujJiij AliuiipnJimipjuih 
himluiuuipniifhhpp 



<JU 13 


> UuiuhJiljJi nipjip qfiuiuipljifuih pkiqpmif, huiifuiAuijh (C_04)-Ji, ifuiuhjiljji 

mnmhgpwpilkpji qJiQQkpkhgJiuiihkpJi Zuijljiuljiuli phijhmhnip hiuljiuijiupA 
AhunjinJunipjuih himluiuuipniifhkpp 



k A 


<JU 14 


> 


(cfLf_ll)-]i ifkp mkqiuqpkinil AhuiipnJunipjuih qnphuiljjighkpji rnpinrnhuijinnipjnihhkpp 
(k_09,10,12)-Jig, ljurnwhiutip ifuiuhjiljji uihppuipuipAiluik umuihgpuipilkpji ijji^^kpkhgjiiuihkpji 
Zuijljiuljuih phphuihmp nipjip AkuupnJunipjuih himluiuuipniifhkpp 



dX oX - 


V ± 

c 


1 +s-^- j(CdT cX ) + \g c 

(cdTtfx ) 


nx 


\dx, 


<5l 


r 2 
1 & 


r 2 

1 


(HI 15 


> 


(<fU_12)-Ji ifkp inkijuiqpkinil Akiuipnjunipjiuh qnphuilqjighkpji rnp in rnh uijinn ipjn ihhkpp 
( k_09,10,12)-jig, lj urn w hiu hp ifuiuhjiljji uihqpuiquipAiluid mniuhgpiupilkpji qji^^kpkhgjiuiihkpji 
Zuijljuiljuih phqhuihmp huiljiupuipA AhuupnJunipjuih himluiuuipniifhkpp 




(CdT ov ) + (g^- 





^r-(CdT„ f ) 



k A 


<JU 16 


li Smjim&nLpjmti ShimLpjni_ti 
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> 


(HI 17 


Oqwi[kinil(cfLt_15)-ni/ h (dU_16)-ni / mpiluid i[uiuh]il[]i mhi}pmi}mpApmb uinuihgpuipi[bpp 
Ppppbpbhgpuiihbpp Zuijljiuljiuh Ahuipnpinipjuih huiiluiuuipniifhbppg\ Iqumuihuihp ifuiuhplqp 
inhijpini]rnpApmbqpmiuplqiliuA diuifuihuiljhhpji huipuipbpnipjmhhbpp lupinuihuijinnipjnilihhpp 



> bmjhiqhu oqmi[hini[(cfU_15)-pg h (cfU_16)-pg Ijiupnq khp npnpbi huih ifuiuhplqp 
uihqpuiquipAiluid uipuiqnipjnihhbpp Ahuipnpinipjuih Ziujljiuljiuh mnh^nipjnililihpp 



> 


(HI 19 


Pul} oqmilhinil mhqpiuqiupAiliuA uipiuqnipjnihhbpp Ahiupnpinipjuih ilkpnqpjuii Zuijljiuliiuh 
uinh^nipjnihhkpjig liuipnq blip npnpbi huipiuphpuiljiuh mpiuqnipjnihhbpp lupmiuhiujmpiuA 
iPuiuhplqp whqpmqmpApuib rnpuiqnipjnihtibpni[ 
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li Smpui&nLpjuiti Shimi_pjni_ti 




















































<JU 20 


> Oqmijhhp (P_3)-niJ mpijmd wuipphp uipuiquignLifhhp]i hkinhjuii hpmqpmifhhpjig 


<JU 21 


< 




— 


dV: 






dTty 

dVyX 


^ < 


dL 


\ 


ni 


Big - 


Bgx - 


dU) 


r 


10 


dL 


IG 


B 


dU , 


HO 


HO 


dU, 


^ < 


dT t 


HO 


Gl 


V 


dL 


G\ 


B 


did 


OH 


oh 


dL 


v 


oh 


U]i upnh uibuibubbg uijti ifiummg np uiju huiuinpnul qjimuiplpiq huiiluilpnpqbpp 
Jibbpgjraq bb U npiqbu qni_m bmpbbmm]ilpnlpnb |ubq]ip pii_&bbg uijti pbqni_bbgn[ np 
huipuipbpuilpnb uipuiqni_p]ni_bbbpp tmi_]tnqbu ijimjinjumljuib bb: 


> Ukuihgkinilhuipuipkpuilqiuh uipiuqnipjnihhkpji AhmiJinJunipjmh (C_08)-ni / mpi[iubZuijlquiljiuh 
uinh^nipjnihhkpp puui hiuifuiiquimuiujuuih iJinJumqmpA qjimiupljiliud duiifuihuilqhhpJi, 
Iqummhmhp huipuipkpuilquih uipiuqiugnii[hkp]i AhuiipnJunipjuih Zmjlqmlqmh uinh^nipjnihhkpp 



> U&uihghinil iJinJumqmpA mpmqnipjnihhhpji (C_ll / 12)-ni[ mpi[md Zmjlqmlqmh uinh^nipjnihhhpp 
pum hiuifuiiquimuiujuuih iJinJiiiuqiupA qjimiupljijuid diuifmhmlqhhpJi, Ijumiuhmhp iJinJiiiuqiupA 
mpmqmgmifhhpji AhmiJinJunipjmh hkmhjwi Zmjlqmlqmh mnh^nipjnihhhpp 



d'uiiiuibmbb b Suipui&ni_pjmb 2,m]t[mlpiib Sbimi_pjni_b 
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(HI 24 


Uju puidbnul umuigijuih uipqjm_bpbbp]ig hbmhnul bb np iluiub]it[]i mbqpmqmp&i]uib 
uinuibgpuipT|bp]i &hmi]injuni_p]uib Zurjlpiilpiib hmi|uiuuipni_ilbbp]i uibupp 
(lpnnni_gi|uibpp) hmilpbt[bnul bb iluiub]il|]i ni_q]iq mmnbgpmpi|bp]i &hmi]in]iinLp]mb 
Zmjlpnlpnb hmi[miiuipni_ilbbp]i hbm: Pul^ iluiubjiliji mbqpmquip&ijuib 

mpuiqni_p]ni_bbbp]i ^bmiJinJunLpjmb Zuijlpnlpnb mnbyii_p]ni_bbbp]i rnbupp 
(lpnnni_gi|uibpp) bni_jbiqbu huiilpbt[bnul bb limubjil^ji m_q]iq mpmqni_pjni_bbbp]i 
^bmiJinJunLpjmb Zuijlpnlpnb mnbyii_p]ni_bbbp]i hbm: Zbmhuipuip libbp Ijuipnq bbp 
umhiimbb^ hbuihjuip Ipnpqui&hp npiqbuq]i libbp Ipnpnquibuibp iluiub]it[]i b urq 
^|iq]il|mljmb ilbhni_p]ni_bbbp]i m_q]iq 2 m P c hIuib ^JiqJilluiljmb bbfcni_p]ni_bbbp]i 
hmiimiqmmmujumb &hmi]in]iini_p]mb hmi[uiiimpnulbbp]ig umuibui[ uijq bni_]b 
^JiqJilpnlpnb bbbni_p]ni_bbbp]i mbqpmquip<li|mb 2 m P ( W ul h ^)]iq]iliml|mb 
ilbfrni_p]ni_bbbp]i &hmi]in]uni_p]uib hmi|umuipnulbbpp, miqm uibhpuicH^m t ni_q]iq 
2 uipchluib mnmbgpmpi|bp]i b urq ^JiqJiljmljmb ilbfrni_p]ni_bbbp]i ^bmiJinJunLpjmb 
hmi|muuipnulbbp]i ilbg IpnuiuipbL umnpjib gnLgJi^bbpJi mbqmi]in]miLp]ni_bbbp 
hbmhjuip opJibm^miJinLpjmiip: 


> 


d-U 25 


I'Jiiniupliiliud ^JiqJiljiuljiuh ifkknipjnihkkpji umnpjih gnigji^hkpp ipnjuuikuiliki hkwlijiui Iqkpiq 



(A,cr) => (a,X) 

{H,a) => (<t,ju) 


> Puli qjimuiplqnq huiifuilquipqkpp phnpnpnij ifkbnLpjnLhhkpJi hiupiupkpiulj ill h 

uipuiqnLpjnLhhkpJi, hiupmpkpuiljiuli mpiuqiugniifhkpji h AkuiipnJunipjiuh qnpkiuljjighkpji 
umnpjik gmgji^hkpp ipnjuuikui^ki hkwkjuii Ijkpiq 


W A 


(HI 26 



(A,/i) => (/i,A) 
(//,A) => (A,//) 
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d'uiiimbmbb b Suipui&ni_pjmh 2,ui]t[mlpiih Sbuni_pjnLh 












Qimjjfl, #jP 


Zuijl}ini}uih Quiififui Q-npbuiliJighbpJi Umhifiuhniifp 
b Mbm^mpmfL^m& Spbqbpiuliimb 


Uju puidtmul hbplpii]uigi]m& iimuli]ilj]i mhqpmqmp^ijuib 2 uipchluiti hbm Ijunq ni_tibgnr[ 
pnpip puitiui&hbpp ifbtip t[uipnr[ blip uuiuitiuip tiuili bmuti]it[]i nLpJip 2 m P c hIuiti 
hmJmupnmuiuJuuiti puitiui&hbpjig, rgimtig ilb£ ^>]iq]il|mljmb bbbni_p]ni_titibp]i uuinpjiti 
gnLgJi^bbp]i hbm Ipjumuipbpiij (cf U_25)-ra[ U (cFU_26)-ra[ ti 2 i|mb mhqimJinJunLpjnLbbbpp: 


chmfuibuil[]i b Suipui&ni_pjmb 2,ui]l[mlpiib Sbimi_pjni_b 
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> 


(JP_01 


Orjimuiplqiiq JihkpgJim[ huiihuljuipqhpp qhiqpniif ihuuh]il[]i uinuihgpuipi[kp]i AhiuipnJunipjuih 
Ziujljmljmli quiififui qnpbuil[]ighkp]i uuihifuihniifp h hpuiqpmifhkpp lupwiuhiu]w 1(111 & 
huiifuiiqmui 111 uJii 111 h huipuipkpuilquih uipuiqnipjmhhkpnil 



> Urnhifmhm ]/1 h qkiqpmif hpp qjimuipljnq huiifuiljuipqkpp huiifphlqhmif hh Jipuip hkui, uiiqui 

Zuijlquiljiuh quiififui qnpduilijighkpji ukijiuilquih uipdkphkpp IqjJihkh 


(JP_02 



> c kuiififui2 qnpdiuljjighkpji (k_23)-ni[ mpi[uib lupmiuhiujinnLpjnihhkpJi ifkp mhquiqphinil kpljpnpq 
mkuuilqji AhuiijinJunLpjuih npnpfehkpji (cf_16)-ni/ wpi[uib uipdkphkpp h oqmi[kinil Zui]\uiljuih 
quiififui qnpbuiIqjighkpJi i[kpnqpjuii uuihifuihniifhkpjig, Ijumiuhuihp 


cFP_03 




Uqq - Pmtirnl^ DmqJuil^uiti hmilmdnqniQi linLuipJi qjniuig 
(22 Uiq]i]i|Ji 2017p., bjilimli) 
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bmiimlimlj]! li Smjim&nLpjmti ShimLpjni_ti 































> Zuijlquilquih quiififui qnp&uilijighhpji Ahuii^nJunipjuih uinh^nipjnihhhpp 



> 


X-pq li IJL-pi} JihhpgJnui huiifiuljiupqhpji ipnJumquipA qjimuipljifiuh qhiqpniilZuijljml^mh 
thhpqjiuijji huimljnipjiuh hkw tyuiiq nihhgnq uinh^nipjnihq 



> 


X-pq h jJL-pq JihhpgJiuii huiifuilquipqhpji iJinJuiuquipA qjimiuplqifuih qhiqpniilZuijl^uiliuih 
puiipji (momentum) huimljnipjiuh hhm \uivq nihhgnq uinh^nipjnihq 



> A-pij h \JL-pq JihhpgJimi huiifuiljuipqhpji ipnJuuiquipA qjimuipljifuih qhiqpniilZuijljiul^iuh 
1_p}n[ thhpqjiuijji umuigifuih hhm Ijuiiq nihhgnq uinh^nipjnihhhpp 



li Smpui&nLpjuiti Shimi_pjni_ti 
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> 


(JP_09 


Ifuiuhjilqji niqjiq pvupchfuih qjiuiuiplqifuih qhiqpmif Ijuipnq hhp uuihifuihhi Zuijlquilquih qimfifui 
qnpduil^Jighhp uipwiuhw]in 1(111 & ifuiuhjilqji huiifimquimuiujuuih niqjiq uipuiqnipjmhhhpnil 



> 




Uuiuhjilqji iuhqpiuqiupAi[ui&qjimuipljifuih qhiqpmif Iquipnq hhp uuihifuihhi 
Zuijljiuljuih quiififui qnpdiuljjighhp uipuiuihuijiniluib ifiuuhjiljji huiifimquimuiujuuih 
whqpwqwpAiJwb uipuiqnipjmhhhpnil 



> bqpmjjih iqmjifmhhhpji qhvqpmif hpp qjimmplqilnq ifmuhjilqp Iquipnq t qmhilhi qjimmpljnq 
JihhpgJiuii huiifuil^uipqhpjig nphjigh ifhl^niif, uiiqui uijq ifmuhjilqji Zuijljiuljiuh quiififui 
qnphml^jighhpji uhijimlqmh uipdhphhpp IqjJihhh 


tfp_n 


> Ifmuhjiljji mpmqnipjnihhhpji npngifuih mjipnijphhpp IqjJihhh 


tfP_12 
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li Smpui&nLpjuiti ShimLpjni_ti 

















































2Umi]in]uni_pjni_titibp|i 




> Uiuuh]il[]i nLijJiij puipdifuih qjimuipljifuih qkiqpniif oqmi[hinil i[uiuh]il[]i uipuiqnipjnihhhpji 
(C_06)-nil mpiluib AhunJinJunipjiuh Zuijljiulqiuh uinh^nLpjnihhkpJig, Iquwuihuihp ifuiuhjilqji 
mqjiq Zuijljuiljuih quiififui qnpbuiliJighhpfi AhuiijinJunipjuih Zuij\uiljuih uinh^nipjnihhhpp 



r\c - 



V 


i + 4 + ^ 

; 1 + 4 i +g Mk 



cFP_13 


> bifuih Ahnil oqmi[hinil ifuiuhjilqji iupuiqnipjnihhhp]i (cfU_18)-ni / wpi[iu& AhuiiJinJunipjuih 
Zuijljiuljiuh uinh^nipjnihhhpjig, Iquwuihuihp mhqprnquipAi/uid ifuiuhjilqji Ziujljiuljiuh quiififui 
qnp&uil[]ighhp]i AhuiiJinJunipjuih Zuijlquilquih uinh^nipjnihhhpp 



- 



V 


VyX V\ixU& 


(i+^+g 


)r^r aH 


cFP_14 


> OnJuuiquipA piupdifuih qjimuipljifiuh qhiqpniif oqwi[hini[hiupiuphpuilquih uipuiqnipjnihhhpji 
(C_07)-ni[ uipiluid AhuiiJnJunipjuih Zuijljuiljuih uinh^nipjnihhkpjg, AhuiiJnJunipjnihhhpJ 
Zuijlquilquih quiififui qnpduilqjghhpj huiifuip Ijumuiliuihp hhwhjuii Zuijlquilquih uinh^nipjmhhhpp 



> OnJuuiquipA piupdifuih qjmuipljifuih qhiqpniif oqini[hinil hiupiuphpuilquih uip inqn ipjn ihhhpj 
(cFU_19)-nil mpiluid AhvuiJinJunipjuih Zuijljuiljuih uinh^nipjnihhkpjg, AhuiiJnJunipjnihhhpJ 
Zuijlquilquih quiififui qnpduilqjghhpj huiifuip Ijuinuihuihp hkwhjuii Zuijlquilquih uinh^nipjmhhhpp 



li Smpui&nLpjuiti Shimi_pjni_ti 
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tfP_17 



^ h-pq JihhpgJiuii hmi[mlqmpqji hlqmmifmifp ifmuhjilqji puipchluih qjimmplqifmh qhiqpniif 
ifmuhjilqji qiuihfui qnpbiuIjJighhp\p ijinJiiiuqiupA AliuiijinJimipjmh uinh^nipjnihhhpg 



> 


tfP_18 


fX~pq JihhpgJiuii him[ui^uipq]i hljiumifuiifp ifmuh}ilj]i puipdiluih qjimuipljihuh qhiqpnuS 
quiihhu qnpAmlj}ighhp}i ipnJuuiquipA AhimpnJunipjuih lunh^nipjnihhhpp 



> 


tfP_19 


LTuiuhJiIqJi Zuijljiuljiuh qiuihfui qnpAuiI^JighhpJi h ifuiuhjilqji hiuifuiiquimuiujuuih 
uipuiqnipjnihhhpji hmifmmhq Alim i/inJim ipj m h mnh^nipjnihhhpp 



cJP 20 
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bu Zuijlimliuiti lit b ghr[mmquilinLp]nLli]ig mnhiiji quii]mliti hiI 

(22 UuqiJiiJi 2017p., bphuiti) 

bmhmtimlQi li SuijimhnLpjmli Zmjljmljmti Shimi_pjni_ti 





























> A-pij h hi-pq qpmuipljnqphhpgpvui huiifuiljuipqhpp hljuimifuiifp O ifuiuhjilqji Zuijl[wliwh 
thhpqpuijp hmmlqmpjmh hhui Iquiiq mhhgnq mnh^mpjmhhhpp 



1 + 


r w = + 


(5k 


1 + T i ‘T L ) r K' = fl + yi-^-ir 


<fP 21 


GH 


> A-pij h jJi-pq qjimuiplqnq JihhpgJiuii huiifuilquipqhpji hlquimifiuifp O ifuiuhjilqji Ziujl^iul^iuli 
pmipp (momentum) hmmljnipjiuh hhui Iqwiq mhhgnq uinh^nipjnihhhpp 



■pS+g-^r-^r\ c + (yS + g-^r^r o x - + y.V—^ jf 




1(5 


. U, 
2 S + S Q 


i y 


HG 


Ei 

2 " C 


HO 


cfP 22 


^ h-pq JihhpgJiuii hmifml^mpqp hljwwifwifp ifuiuhjilqji puipdifwh qjimuiplqifuih qhiqpmif 
ifuiuhjilqji Zuijljuiljuih pppi} thhpqjiwjp umuigifuih hhin l^miq mhhgnq uinh^nipjnihhhpp 



t j +£- if) ; - s (t s+ g'ir)( l + p^) +?(> + i 5 ^") 2 = 

}s+g-^-) 2 -i(}s+g-^)(i +j^)+g(! + }s -^) 2 = 


g~7^ 

(I'm) 2 


I c2 


g-f 5 

(Fox ) 2 


cfP 23 


^ j U-pq phhpgpmi hmifml^mpqp hlqmmifmifp ifmuhpl^p puipdifwh qpmmpljifmh qhiqpmif 
ifmuhplqp Zuijlquilquih ]_ppi[ thhpqjiwjp umuigifuih hhui l/uiiq mhhgnq mnh^mpjmhhhpp 



£V 2 


u a 


T 5+ sTJ 


1 o . V *f 


Uya 


1+2*^ c 


- 


I c2 


g- jS - 
(Tpo) 2 


f s+ s~r - s t 5 + g- 


1 + i 5 ^) + g( ! + 


1 c2 


g~t 5 

OV ) 2 


cfP 24 


li Smpui&nLpjuiti ShimLpjni_ti 
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> If wuhjiljji niqjiq 2 lu P c ^ l ^ lu ^ 1 pjimmplqifmh qhiqpmf ifmuhjilqji thhpqjiuij]i AliuiijinjunipjnihhhpJi 

hhm I^uiiq nihhgnq mnh^nipjnihhhpp 



> Ifmuhjilqji niqjiq puipchfwh qjimmplqifmh qhiqpniif ifmuhjilqji pwifiji (momentum) 
AhulipnJunipjnihhhpJi hhm l^miq nihhgnq mnh^nipjnihhhpp 



> If ui u h]i Ijji mhqpmqmpAi[mh piupdifmh qjimmplqifmh qhvqpmif ifmuhjiljji thhpqjimjji 
AhmiJmJunipjnihhhpJi hhm Iqwvq nihhgnq mnh^nipjnihhhpp 



> Ifmuhjilqji uihqpiuqiupAilmdpuipdifuih qjimmpl^ifuih qhiqpniif ifmuhjilqji puii/iji (momentum) 
AhmiJmJunipjnihhhpJi hhm Iqmvq nihhgnq uinh^nipjnihhhpp 
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li Smpui&nLpjuiti Shimi_pjni_ti 







































































> 


ITuiuh]iljji niqjiq puipchJuih ijJimmpljifuih qbiqpniif uinmhgpuipi[bpji qfif/yfihpbhg]iiu[hhpji 
Zuijlquilquih niqjiq AhuiiJinJunipjuih huiiluiuuipniifhbpji wjibqbpuilquih whupp 



1 + j (CdT\a ) + )dX\ G 

v* 


dX, 




XC 


■(CdT)a ) 


Xu 


cFP_29 


> 


ITuiuh]iljji niqjiq qjiwiuplqifuih qbiqpniif uinuihgpuipi[bpji qfif/yfihp bhg]i iu[ hhpji 

Ziujljiuljiuh hiuljiuqiupA AhuiiJinJunipjuih huiiluiuuipniifhbp]i mjibqbpui lquih wbupp 



i +s -ii)(c</r, 0 ) + (g-^ )dx, 


C 




nx 


dXya- ^-(cdTfa) 


nx 


L A 


cfP_30 


> ITuiuhJilqJi inliqpiuqiupAi/iuA piupdifiuh qjiwuipliifuih qbiqpniif uinuihgpuipilbpji 
qJiQQbpbhgJiuiihbpJi Zuijlqwlquih niqjiq Ahuiijinjunipjuih hunjuiuuipnLifhbpji 
wjibqbpuilquili wbupp 



cFP_31 


> Uuiuhjilqji luhqpiuqiupAi/iud piupdifiuh qjimuipl[ifwh qbiqpniif uinuihgpuipilbpji 
i}jij>j>bpbhgjiuiihbpji Ziujljuiljiuh hiuljiuqwpA Ahuiijinjunipjuih hunjuiuuipniifhhpji 
wjibqbpuiljuih wbupp 



li Smjim&nLpjmti ShimLpjni_ti 
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> 


tfP_33 


ITuiuh]iljji niqjiq puipchJuih qjimmpljifmh qhiqpnnf urnmhgpuipi[hpji qjififihphhg]iui[hhpji 
Zuijljiul^iuh niqjiq AhuiiJinJunipjiuk huiiluiuuipniifkkpji mjikqkpuilquih uihupp 



> 


tfP_34 


ITuiuhjiljji nujJiij puipchTuih qjimmpljifmh qhiqpnnf tun m hgp uipi[hpji ijjififihp h hg]i ui[ hhpji 
Zuijljiuljiuh hiuljiuqiupA AhuiiJinJunipjiuk himluiuuipniifhhp]i mjihqhpui lquih mhupp 



> 


tfP_35 


Umukjilqji iuhqpiuqiupAi/iuA puipdifiuh qjimuiplqifuih qbiqpnnf mniuhgpuipilhpji 
qJiQQkpkhgJiuiihkpJi Ziujlquilquih niqjiq AhuiiJinJunipjuik himluiuuipniifkkpji 
mjikqkpiulquih rnkupp 



> 


tfP_36 


Uiuukjilqji uihqpmquipAi[uibpwpdifmb qjimmplqifmh qkiqpniif lunmhgpuipilkpji 
q]i^)^)kpkkgjmiikkpji Zuijlquilquih huiIqiuquipA AkimpnJunipjuik hunluiuiupniifkkpji 
mjibqbpiulquib mkupp 
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li Smpui&nLpjuiti Shimi_pjni_ti 
















































jSkuguip&mljfl 0mifuihuil[]i ZuiuliuignqnLpjmk Upifn^^ifp 


Ubp iu 2 juuiuinLp]mli ui]u bppnpq huimnpnul bbbp pbhuiplpiul blip q]imuiplpiq }ihbpg]imp 
hmiluilpnpqbp]i qbiqpp: Puqg ilji upnh ijbpuihuihp qjiuiuiplpiq hunluilpnpqbpji JibbpgJiuip 
pfihbpn. iqinhinb^Jig b npiqbu qni_m bmpbbmm]ilpiilpnh }uhq]ip piL&bhp, qhqni_hbpii[ np 
huipuipbpuilpnh uipuiqni_p]ni_hhbpp tmi_jtnqbu ijinijinjumlpnb bbbni_p]ni_bhbp bb, npiqbuq]i 
bbbp qqrnbp mpmmhv[nq pmbm^bbpji nq£ qbqbglpn_p]ni_bp b hbuqpp: Phmpljb hbrnn bbbp 
Ipjbph^bhp np m]u bppnpq hmmnpnul huipuipbpuilpnb uipuiqni_p]ni_bhbpp huihqjiuuihnul 
bb hmumuimni_h bbfrni_p]ni_bhbp b hbmbmpmp qpmbjig p]nnq Jip pnpip hbmbuihphbpmj, 
Jib^iqbu op]ibmt[]i pnpip uipmui&ijuifc him|mumpnLiibbp]i b uinhyn_p]ni_hhbp]i ilbg 
huipuipbpuilpnh mpmquignLiibbpp huiijuiuuipbghbgii[ qpnjji: 


d'uiiiuibmlj]i b Suipui&ni_pjmh 2,ui]l[mlputi Sbimi_pjni_b 
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> 


cf^Ol 


Umutijil^li uilippuipuipAiluib puipdifuih qpmwpljilmh pbiqpnal uuihifuihbhp Zuijlpiiljuih 
djipuil^uijpbpji ijJ i ‘p‘f)hp l i hg/i iu/ liLp/i puinuil/n l uluj/i h nip in mb upinn l p/n l hhbpp, npnhp 
iqwmduinuihbuihuihpuijjih l}uuqji pbnphjiil iqbmp b]]ihhh ppuilpiih dhbnLpjnLhhhp 


f (dtjQi ) — (cdTij ),) + S{cdTcA )dX<j\ + g(dXoi ) > 0 

{dts<5 |x) = (cdTan) + s{cdTa^)dX^^ + g{dX<^^) > 0 


> 


d-q-_02 


Hhpnqpjuii Zuijljiuljiuh UJipuilquijphpji qji$$kphhgjiiu[hhpji puiniulqniuiujjih 
lupmuihuijmnipjnihhhpp Iquipnq hhp hkpl^iujuighki huih ifuiuhjilqji qjimuiplqiluib 
mhi}puii}uipAiliu& uipuiqnipjnihhhpnil 




+g- 


U; 


(51 




(cdTax) > 0 
( cdT^) 2 > 0 


> Zuijliuiljiuh ifjipuil[ui]php]i q]i$$hphhg]iui[hhp]i i/hpnqpjuiipuinuiIjniuiuj]ih 

uipmiuhuijinnipjnihhhpJig hhmliniif hh ifuiuhjilqji uihqpuiquipAilui& uipuiqnipjnihhhpji 
npnpifuih wjipnijphkpp 



cf c i_04 


> LTuiuhJiIqJi uihqpuiquip&iltubpuipdU\mh qjimuiplqifuih qktqpniiShuipilkhp Ziujljiuljmh 

i[Jipuiliiujpkp]i qJiQQkpkhgJiuiihkpJi p uin ui Ijn iuiuj Ji h uipmuihuijmnipjnihhhpp hqpiujjih 

tquijifuihhhpji qhiqpmif kpp A = O h fl - G 



A = G 

fl = G 


(dbaa ) 
( d &GO ) 


{cdTcc) + S{cdT^)dX^ + g(dX(5G) 
(CdTaa ) + S [CdTaa )dXo<3 + g{dX ^) 
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li Smjim&nLpjmti ShimLpjni_ti 



































> 


ZuiUwAwjh uinuipjih hjiifhmqpnipji h (cf_07)-Jih hiuifuihifuih, Ijiujnih Ziujljiuljiuh dJipmljmjpJi 
qJiQQkpkhgJiuiiJipmnmljniujih iqhinp k huiiluiuuip jjikji huih hkmhjuii umh^nipjnihhkpjih 



cjq-_05 


> 


(cf_16)-jik h (cf_23)-]ik hiuifuikifiuk, Ijmjnih Zuijljmljmh ifJipmJjmjpJi qji$$kpkkgjiw]_[i 
piuniuljniujili iqhinp kpiuiliupmpji huili hkmhjuii uink^nipjnikkkpjik 



cjq-_06 


> ^mjmh Zuijljmljmh ilJipmljuijpJi i}]i$$kpkhg]iuii]i pmnmljniuni ilkpnqpjuii hpljni Imp 
mpmmhmjmnipjmhhkpp uii[kiiugkkinil(cF_24)-jik, uijk Ijmpnq khp hkpljmjmghki 
ujmmljkpuii[np mkupni[ bulk hkmhjuii Ijkpuj 



&Q_07 


> Oqmi[hinilpulpdilnp ifmuhjiljji Ijmjnih Zmjljmljmh iffipmljmjpJi qji^^kpkhgjimijipmnmljniuni 
i[hpnqpjmi ujmmljkpmilnp hnp wkupfig, kpljni qniqmhkn hmilmumpnipjmhhkpp Ijmpnq khp 
qpki ifmuhjiljji hmifmujmmmujumh mpmqnipjnihhkpmlhkmhjmi Ijkpuj 



() 2 


(l + S^f + g^-\cdT^ 2 = (CdT o ) 2 

(l+s^+g^-Xcdh ,,) 2 = (cdr „) 2 


l A 


cfq-_08 


li Smjim&nLpjmti ShimLpjni_ti 
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> ((F_25)-ni[ li (c? c l'_08)-nil wpi[iufr uinh^nip]nihhbp]i ilbp uibpuiijpb[ni[ hiuduiipminuiuJiimh 

Zuijl^uiljiuh quidifui qnpfruil[]ighbp]i uuihifuihniifhbpp, Iqumuihiulip hhwhjiui uinh^nipjnihhbpp 



> 


cjq._io 


ZuipilJi uinhkinilnp Iquijmh Zuijlquilquih ifJipuiljiujpp. qjitytybpbhgjiuiifipmniulqniujih hnijh t 
pninp pjimuipljnp li pjnnuipl^ilnp himfuiljiupqbp /? huitfuip , hkmhiupuip Ijiupnp blip uuihifhuibi 
h hpiuqpbipwgwp&wli dwifuihli]i q]i$$bpbhg]iiui]i huiul[iugnrinLpjnLhp hbinlijuii Ijbpip 



> (c?Q_09)-p Iquipnp blip qpbi hnp hbpifnidiluidpiuguipAuil^ diuifiuhiul^nilhbwhjuii Ijbpiq 



> *{bpnqpjuii uinh^nipjnihhbpjig dbhp Iqumuihuihp pjimuiplqil tub dm ifm h m lq hbp\p h piugiupAiulj 
diuifuihiul^Ji pjitytybpbhgjiui[hbpji hiupiupbpnipjnihhbpp 


cjq-_i2 



< 


dT KyL 

dr 

dTyj, 

dl 



r 

U < 


v 


dT\& 

dr 

dTyfi 

dl 


Txg 



r 


v 


dr^x 

dr 

dT^ 

dl 


Tax 
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li Smjim&nLpjmti ShimLpjni_ti 

















































> Zuipmphpmlqmh uipuiqnipjnihhhpji ui&uihgjuiihkpp pum piuguipAuilj dunSuihiuI^Ji, 
hiuifuiAuijh (cfQ‘_12)-ni/ uipi[iu& uinh^nipjmhhkp]!, Iqnihhhmh hkwlijiui inkupp 




> 


ITuiuhJiljJi uipmqnipjnihhhpJi lu&uihgjuiihkpp pum pmgiupAmlj dmifmhmljji, hwifw&wjh 
(cf ( }_12)-ni/ mpi[uid mnh^nipjnihhkpji, Iqnihhhmh hhmhjuii mhupp 



r xaB\a 


r 


r 


t < 


da 


<5\ 


dr 


dUi 


on 


V 


dr 


- r g\Bq\ 


r oh-^gh 



Liluiti &\m\{ ilbtip Ipupnq blip i]uipijbp guitilpuguih ilbdni_p]uiti hkm, 

bpb Jufuium rahji bpm uibuitigjuipp pum huiduiupumuiujuiuti qjimuiplp|uifc 
Ipuif pum puiguip&uil[ duidmkuilQi: 





bii qjimmlimb ui 2 ]uuimuimbiqi (14 2,nlpnbilpbp]i 2018p., bpbuih) 




cFuuIuihuilQi b Smpmbiupjmb 2,ui]liuilpub Sbuiupjiub 
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Mujpi] ft Uhijpuiijuip A Cmpdi[nii W^uhplpp 
Upuiquigifuib Qbm ipn Ju'lM^/Mib Unh^ni pj%M&bb^f 


Uju puidtmul tmi_jtnqbu 1IJ1 upnh ijbpuitmitig qjimuiplpiq hmiluilpnpqbp]i Jitibpg]mq pfitibpn. 
iquihuiti^lig U npiqbu qni_m dmpbdmm]ilpiit[uiti JutiqJip gn_fcbtip, ptiqni_tibgiij np 
huipuipbpuilpiiti mpmqni_p]ni_titibpp tmi_]tiiqbu i]ini]in]\imlpiiti dbdni_p]ni_titibp bti, npiqbuq]i 
libbp qquibp uipmui&L[nq pmbin<iUbp]i nqg qbqbglpii_p]ni_titi ni_ hiluijgp: 
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dmdmtiuilQi b Suipui&ni_pjmb 2,ui]l[mlpiib Sbimi_pjni_b 







> Ifmuhjilqji uipiuqnipjnihhhpji (C_06)-ni[ mpiluid AhunjinJunipjmh Zuijljuiljuih 

uinh^nipjnihhhp]i uinuipjih huii[uiuuipniifp ui&uihghhp pum piugiupAiulj dmifmhmlq]i 



> LTmuhJiIqJi uipuiqnipjnihhhpji (C_06)-ni[ mpi[w& AhuiiJinJunipjuih Zuijljuil^iuli uinh^nipjnihlihp]i 
hplqpnpq himluiuuipniifp ui&uihghhp pum pmgmpAmlq diudmlnuljji 



> Ziupiuphpiuljiuli mpmqnipjnihhhpji (C_07)-ni/ mpi[md AhwifinJunipjwh Zuijljiuljiuh 
mnh^nipjnihhhpji mniupph hiui[muuipnidp mdmhghhp pum piugiupAiulj diudmlnuljji 



> Zuipiuphpiuljiuh mpmqnipjnihhhpji (C_07)-ni[ mpi[w& AhwifinJunipjwh Zuijljiuljiuh 
uinh^nipjnihhhpp. hpl^pnpq hmi[mumpniifp mdmhghhp pum piugiupAmlj dmifmhmlqji 



li Smpui&nLpjuiti Shimi_pjni_ti 
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> LTmuhJiIqJi mpmqnipjnihhhpji (cfLt_18)-ni/ mpi[md AhuiiJinJunipjuih Ziujl^uiljiuh 

uinh^nipjnihhhp]i uinuipjih huii[uiuuipniifp ui&uihgkhp pum piugiupAiulj dmdmhmlqji 



> LTmuhJiIqJi uipuiqnipjnihhhpji (cfLt_18)-ni/ mpiluib AhuiiJinJunipjiuh Zuijlqiul^uih 

uinh^nipjnihhhp]i kpl^pnpq himluiuuipniifp ui&uihgkhp pum piugiupAmlj dmifuihuil^ji 



> Ziupiuphpiuljiuli mpmqnipjnihhhpji (cFU_19)-ni[ mpi[iud AhwifinJunipjwh Ziujljiuljiuh 
uinh^nipjnihhhpji mniupjih hiui[muuipnidp mdmhghhp pum piugiupAiulj dmifuiliml^Ji 



> Zuipiuphpiuljiuh mpmqnipjnihhhpji (cfU_19)-ni[ mpi[md AhmiJinJunipjmh Zuijljiuljmh 
uinh^nipjnihhhpp. kpljpnpq hmi[mumpniifp mdmhghhp pum piugiupAmlj dmifmhmlqji 
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li Smpui&nLpjuiti Shimi_pjni_ti 


























































































> (cf^Olj-ni/ mpijmh ifmuhjilqji lupiuqnipjiuh mimhgjmjJi lupmiuhiujmnipjnihp 
hhpl[iujiughhhp huiifuiiquimuiujuiuh Zuijljiuljiuh qmififm qnphmlj[Jighhpnil 


dUio 

dU^a Jr 


dv lf 

dz 

i 


r (r w ) 2 | 


J 


cJI 09 


> (cf r !r_02)-nil mpijmk ifmuhjilqji lupiuqnipjiuh ui&iuhgjui]]i lupmiuhiujmnipjnihp 
hkpl[iujiughkhp huiifuiiquimuiujuiuh Zuijljiuljiuli qiuififiu qnpkmlijighhpnij 


Q 

1 

1 

dV^ 1 

dz 

| dT <F*?(i+s r ? ff» 2 l 



CfTr 10 


> ((f r ]?_03)-nil mpijiukhiupiuphpmljtub lupiuqnipjiuh mhmhgjmjJi lupmiuhiujmnipjnihp 

hhpl[wjwghhhp huufmiqmmmujumh Zuijljiuljiuh qiuififiu qnphml^jighhpnij 



dU-, 


1(5 


dU , 


MO 


dz 


dz 


„ U)^U 1^0 


(r» 2 (i +s —jJ- + 8 


(r\ 0 ) 2 ^i +s —+g 


U |^a UxcUpo 


CfT: 11 


> (cf / 2-_04)-niJ mpijiukhiupiuphpmljmh lupiuqnipjiuh mhmhgjmjJi lupmiuhiujmnipjnihp 

hhpl[wjwghhhp hmifmiqmmmuJumh Zuijljiuljiuh qiuififiu qnphml^jighhpnij 


1 dv r> 

dlJ |^o 
dz 

1 

Q 

1 * (r l0 ) 2 | 


r’ (r M „) 2 (i + s-^-+g -^^) 2 J 


CfTr 12 


li Suijim&nLpjmt Zuijljmlputi Stump] ni_ti 
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> (cf^OSj-niJ mpijmh ifmuhjilqji lupiuqnipjiuh mimhgjmjJi lupmiuhiujmnipjnihp 
hhpl[iujiughhhp huiifuiiquimuiujuiuh Zuijljiuljiuh qmififm qnphmlj[Jighhpnil 


13 


1 

^ % 

^ a 

1 

dVf,. 

dz 

1 

1 dT (r„) 2 (us^ + g ^) 2 (r<».) ; | 


J 


> (cf^OGj-nil mpijmk ifmuhjilqji lupiuqnipjiuh ui&uihgjui]]i lupmiuhiujmnipjnihp 
hkpl[iujuighkhp huiifuiiquimuiujuiuh Zuijljiuljiuli qiuififiu qnpkmlijighhpnij 


14 


1 dU 0X 

du<3 ji 

dz 

dv lf 

dz 


1 * (r*) 2 l 

(i + 5^ + / 1 ^) 2 (r„,) 2 i 


J 


> (cf^OVj-nil mpijiukhiupiuphpmljmb lupiuqnipjiuh mhmhgjmjJi lupmiuhiujmnipjnihp 
hhpl^mjmghhhp hmifwiqmmuiujumh Zuijljiuljiuli quiififui qnphml^jighhpnij 


15 


1 dv m 

dU( 

dz 


du „1 

dz 

1 * (r«.) 2 | 


| ! (r„) 2 l 

J 


> (cf^OSj-nil mpijiukhiupiuphpmljmb lupiuqnipjiuh wfrwhgjwjJi lupmiuhiujmnipjnihp 
hhpl[wjwghhhp hmifmiqmmmuJumh Zuijljiuljiuli quiififui qnphml^jighhpnij 


16 


dv i 


dU t 


OX 


dU, 


an 




dr 


dr 


dr 


(ran) 2 (l +s ~jJ~ + S' 


UcxUop 


(T*r 1+5-^+g- 
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dmilmtruiljji U Smpmfrrapjmli Zmjljmljmli SbunLpjni_li 




















































> (cfP_13)-ni[ wpiliubZiujljiuljiuh quiihifui qnphwljjighhpji AhuiiJinJunipjiuh 

uinh^nipjnihhhpp qphhp hpljni whupnilhhwhjiui Ijhpuj 



, „ V\u V) JJlo 

i+s -r + g^r- 


r 


rv — 




r\a 

r> 

r^i 


'l+^+g-^-Vn - ^ 


!■ < 


1 + A+S 


c 2 


r> — 


V 


1 HO 

[xq 

r nx 


cfl 17 


> f c?P_14)-nil mpiluibZuijlquilquih quiihfui qnphuilj]ighhp]i AhuiijinJunipjuih 
uinh^nipjmhhhpp qphhp hpljni inhupni[hhwhjuii Ijhpuj 



cf'l-lS 


> (cfP_15)-nil wpiliubZuijljiuljiuh quiififui qnphwljjighhpji Ahim^nJunipjuih 
uinh^nipjnihhhpp qphhp hpljni whupnil hhwhjuii Ijhpiq 



> (cfP_16)-nil wpiliubZuijljiuljiuh quiihifui qnphuilj]ighhp]i AhuiiJinJunLpjiuh 

uinh^nipjnihhhpp qphhp hpljni whupnil hhwhjuii Ijhpuj 



li Smjim&nLpjmti Shimi_pjni_ti 
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> 


d"^b_21 



UmubJil^Ji niriJiri 2uipchJuih qjnnmpl^ifmh ijbiqpnul Ijumiuhiuhp hbmhjuii uinh^nLpjnLbhbpp 



> 


& 1:_22 


ITuiuhJiljJi mhijpuiijrnpAilmbpmpdifmh qjimmplqilmh qhiqpmiS Iqummhmhp 
hhmhjuii mnh^nipjnihhhpp 



> 


tfTr 23 


Oqmi[hini[ i[hpnqpjuii himliuuuipnii[hhp]i huijJuiljiupqhpJi ilkppjih kpljni hiuiluiuiupniifhkpjig\ 
hmpmphpmljiuli mpmqnipjnihhhpji uibuihgjui[hhpji ifjipli Iqumuihuihp hkwlijiui uinh^nipjnihp 
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li Smpui&nLpjuiti Shimi_pjni_ti 















































> 


/ r 6f i 3_22j-/2z/ h (cf^lSj-nil wpi[iu& uinh^nipjnihhhpjig uihl^uiju hh 
hhwhjuii hphp huiiluiuuipniifhhpp 



Iasi 


> 


Hkpnqpjuii hphp huiiliuuiupnii[hhp]i ithp mhquiqphinil(c?Q‘_13)-ni/ h (cfQ'_14) mpiluid 
uipuiqnipjnihhhpji ui&uihgjuiihhpp pum piugiupAiulj duiihuhuiljji, l^umuihuihp 
iupuiquignii[hhp]i AhiuipnJunLpjuih hhmlijiui uinh^nipjnihhhpp 



(r^) 3 ^ + 

(XlcYBia - 

(TcxYBcx - 


(^ ^ a) 3 5 
(T o,YB 


M* 


no 


on 




Uhp m 2 ]ummnLp]mli hjipnprj. hmmnpji i]pui m 2 ]ummh|Jiu 
(17 2,ni_tii]uip]i 2019p., bpliuiti) 


L. - 3 




bmiimlimlj]! li Suipui&ni_pjmti Zmjljmlputi ShimLpjni_ti 
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> Umhi[mhhhp Zmjl^ml^mh mpmqmgmifhhpp hhwhjiui l^hpiq 


27 



~ (r Xo) 3 Bio 

= 0» b^ 


- (FoiYBoX 
b «5 h = (ron) ■5o^ 


A 

A 


an - (Hu) d\n 


<ni 


= (^fA 


ni 


> Hhpnqpjuii umhifmhi[mAZuijljiulqiuli uipiuqiugnLifhkpp whqmqphinil (cf r L_25)-ni[ wpi[m& 

iupiuquignii[hhp]i Alim ipnJim ipjm h tun h^nipjn ihhhpji itkp, ljumiuh tulip ifmuhjilqji Ziujljiuljiuh 
mpmqmgniifhhpji AhmiJinJunipjmh hmi[mumpnii[hhpp 


UuxuGJiljJi nir[)ir[ 2 uip(hSuifi qhujpnuJ 


Uuiufi}ilj]i iuQrynuquipdiliu& 2 lu P ( ^ lu G phuigniiS 


28 


< 


B<\ig - ~ ^an 

^ao = ~ ^<\ix 


< 




B 


<GX 


-^<on -^an 


> Oqmi[hinil(cfU_23)-nt[ wpi[m& mpmqmgnii[hkp]i mnh^nipjnihhhpjig h (cfP_17)-ni / li 
(cfP_18)-ni/ wpi[m& Ziujljiuljiuh qmihfm qnp&mlj]ighhp]i mnh^nipjnihhhpjig^ljumiuh tulip 
np ifmuhjilqji iJinJuiuqiupA Ztujljtuljiuli iupiuqiugnii[hhpp Jiptup hiuljiuqjip hh 


tfTr 29 



B^xa + B^ 0 x - 0 
B^g + B^ = 0 


^an + ^<\xx ~ 0 


> bph tfhlip i{kpuiquinhiubp qjiwuipljnri fihhpgfimi hmifmljmpqkpfi qhiqpfih, npp hpmhmljniit t 
h inp inphp in lj in h mpmqmgnulhkpp h uni mu uip ^h qpnjfi, ui uj ui ( cf r i_28)-]ig l[hkmli]i np i[muh]ilj]i 
niqjiq l/mif mhqpmqmpAi[mb Zmjlqmljmh mpmqmgmithhpppninp ]ihhpg]imi hmUmljmpqhpniU 
Jipmp hmi[mump hh ( bjnimnhji ifkpmhJiljmjJi hpljpnpq ophhpji Zmjljmljmh ihhljhmpmhnipjnihp) 


30 



^an - 0 
= 0 


< 


B^xg _ B 




B^gX - B^g^ 
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li Suipui&mpjmt Zuijljmlputi Stump] ni_ti 





























MuiguipAu^ OjjpmgmpjuiU ft MuiguipAuil} Upuiquigifuijb 
MMMpuqpJizhhpJk, WfmMmbmuAbf^ ft Jta& wAlihp^ 


£uib]i np libbp (cKi) puidbnui Ipnpnquiguibp uinhiimlib^ puiguip&uili duniuibuil[]i 
hmulpngnqnLp]ni_bp, uiupn pbuilpnb t np libbp uijdii mnhiimbbbp puiguip<luil[ 
iibbni_p]ni_bbbp]i hmulpngnqni_p]ni_bp U uuiuibuibp qpuibg puibui&bbpp mpmmhuijimjuih 
puiguip&uil[ (Ipnii uijuni_hbmh uibquilpnb) ^)|iq]il|ml|mb iib&ni_p]ni_bbbpnv[, Jib^iqbu limb 
uuiuibuibp umb^ni_p]ni_bbbp puiguip&uit[ b mbquilpnb ^>]iq]il^ml^mb iibdni_p]ni_bbbp]i liji^b: 
f'uli pmgmp<iml| ^ql^uilpub iibdni_p]ni_bbbpp uibquilpub ^fcqlitpnlpub iibdni_p]ni_bbbp]ig 
uiuippbpuil[bpii_ hrniimp libbp l^uiqpbbp qpuibp ilb&uimuin «P» umnpjib gnLgJi^nv[, Juil^ 
puiguip&uil[ ^qlitpulpub iibdni_p]uib pijui]]ib (scalar) b muipuihuilpnb pinqinqp]i^bbpp 
l^uiqpbbp buib hmiiimqmmmujumbuipmp «0» b «1» ijbpjib gni_gji^bbpnij: 

Pingji qpmbgjig m]u puidbnui bu libbp l[huiiiuipbbp np qjiuiuiplpiq huniuilpupqbpp n^_ 
JibbpgJiuq bb, npiqbuqji libbp qqmbp bnp bbpiini_dijuih huiulpugnqni_p]ni_bbbp]i b 
uipuiui&i]ui& puibui&bbp]i nqg hiiuqpb ni_ qbqbglpn_p]ni_bp: 


dmdmtimlQi b Suipui&ni_pjmb 2,ui]t[mlpiib Sbuni_pjni_b 
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> 


cFb 01 


Oquiilhinil (cf c h_12)-nil mpijuih uinh^nipjnihhhpjig ifhhp ljuipnq hhp hpuiqphi li uiuhifuihhi 
piugiupAiulj hmpmphpiuljiuh uipuiqnipjnihhhpjipuiquiqpji^hhpp hkwhjiui Ijhpuj 



> 


cFb 02 


bph qjiuiuipljnq huiifuiljuipqhpp JihhpgJiui[ hh, uijujihph huipuiphpuil[uih uipuiqnipjmhhhpp 
huihqjiuuihniif hh huiumuimnih ifh&nipjnihhhp, uiiqui huiumuimnih ifh&nipjnihhhp hh 
huihqjiuuihniif huihpuiguipAuilj huipuiphpuiljuih uipuiqnipjnihhhpjiptuqmqpJijhhpp 



cFb 03 


(Jb_04 


bmjhiqhu oqunlhini[(cfQ_12)-niJ uipijuih uinh^nipjnihhhpjig ifhhp ljuipnq hhp hpuiqphi h 
uiuhifuihhi A-pq hunfuiljuipqji hljuiuiifuiifp ifuiuhjiljji niqjiq h mhqpiuqiupAiJiuApiugiupAiulj 
uipuiqnipjnihhhpjipijuijjih h uiiupiuAiuljiuhpiuqmqpJijhhpp hhinhjuii Ijhpuj 



bmjhiqhu oqinilhini[(c?Q-_12)-ni/ uipijuih uinh^mpjmhhhpjig ifhhp ljuipnq hhp hpuiqphi h 
uiuhifuihhi /. l-pq hunfuiljuipqji hljuiuiifuiifp ifuiuhjiljji niqjiq h uihqpuiquipAiJuiApuiguipAuilj 
uipuiqnipjnihhhpjipijuijjih h miupuihuiljiuhpuiqmqpJijhhpp hhuihjuii Ijhpuj 



104 


li Smpui&nLpjuiti Shimi_pjni_ti 

















































UmutiJilj]! 


mil li 

»% Pmgmp<Mli|| 
li Uuihifuitmufp 


> Piu giup A ml} niqjiq hiupiuphpiuljiuh uipiuqiugifiuh pmqmqpji^hhpji hpuiqpniifp h uuihifuihniifp 
mpmmhmjmijmh huiifuiiquimuiujuuih Zuijljiuljiuli wpiuqiugniifnil 



,, cK, 

A Plp ~ 


4 Pin - 


dr 

dV< 


= - rps+g^y^ 


tfb 05 


—jf~ - + (rxn) 4 ^l + 


- + r\n f 1 + yS — r~ ]A 




> 


bpb qjnn uiji Iqn tj luinhu Ijiupqhpp jjihhhphbpcjjuu[, npp hpui bill Ijn / if f inhqiu Ijiah ni qpq 
hmpmpbpmlqmh uipuiquigmifp hunliuump t qpnjp, uivquipmgmpAmlq mqpq hmpmpbpmlqmh 
uipuiquigifuihquaqwqppsbhqiq bmjbiqbu huiiluiuuip Iqiphbh qpnjft 




(r\n) 


= 0 



l A 


tffc 06 


> 


X-pq hmifmlqmpqji hlquiuiifuiifp ifmuhjilqji niqjiq ^?iz// 2 £/z/£z/& qjimmplqifmh qhiqpniif ifmuhjilqji 
piugiupAiulj uipuiquigifuihpijwjjih h miupiuAiuljiuhpmqmqpji^hhpji hpuiqpniifp h uuihifuihniifp 
wpiniuhiujiniluiA ifmuhjilqji huiifimquimuiujuuih Zuijlquilquih uipiuqiugniifni[ 



^ IA-pi} huiifuilquipqji hlquiwifuiifp ifuiuhji^ji niqjiq 2 m P^ U1 ^ 1 qjimmpljifmh qhiqpniif ifmuhjiljji 
puiguipAuilj uipuiquigifuihpijwjjih h muipuiAuilquihpmqmqpji^hhpji hpuiqpmifp h uuihifuihniifp 
mpmmhmjmijmh ifmuhjilqji huiifuiiquimuiujuuih Zuijlquilquih mpuiquigniifnij 



D 0 

^PpO 


B\ 


P |K5 


dll 0 

uu p po 

dr 

did 

uu P\lO 

dr 


- <r*) 4 (p+Pr-)*M° = - ^(p+s-ir) 5 

+ (r M o) 4 ^i + js—pfjB 


- + L 1 + t S 


1 c 


tfb 08 


na t i na \ i t 2 J q 


li Smjim&nLpjmti ShimLpjni_ti 
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cFb 09 


> PiugiupAiul] hiuljiuqiupA hmpiuphpmljiuh mpwqwgifwhpwqwqpji^hhpji hpwqpmifp h 
uuihifuihniifp wpwillhui]wi[w& hiui[illiqwinmuJuwh Ziujlj iul]uih wpwqwgniifml 



> 


cFb 10 


bph qjiwwplqnq hwifwlqwpqhpp jjihhh JihhpgJiwp npp hpwhwlqmif t whqwlqwh hwlqwqwpA 
hwpwphpwlqwh wpiuqiugniifp hiu 1(111 uiup f qpnjji, wiqwpiugiupAiul] hiuljiuqiupA 
hmpwphpml]mh mpwqwgifwhpwqwqpfehhpp hmjhiqhu hwi[wuwp IqjJihhh qpnjp. 



cFb 11 


^ h-pq hiuifiuljiupqji hlqwwifwifp ifwuhjilqji whqpwqwpAi[wh piupdifwh qjiwwplqifwh qhiqpniif 
ifwuhjilqji p 111 g 111 p A nil] mpwqwgifwh pi[wj]ih h inwpiu&iuljwh pwqwqpfehkpji hpwqpmifp h 
uwhifwhmifp wpwwhwjwilwA ifwuhjilqji h iu if iu iq iu in iu ufuwh Ziujl] iul] iu h wpwqwgniifni[ 



cfb 12 


^ lA-pq hwifwlqwpqji hlqwwifwifp ifwuhjilqji whqpwqwpAi[wdpmpdifwh qfiwwplqifwh qhiqpniif 
ifwuhjilqjipwgwpAwl] mpwqwgifwhpi[wj]ih h wwpwbwl]whpwqwqp]i]hhp]i hpwqpmifp h 
uwhifwhmifp wpwwhwjwi[wb ifwuhjilqji hwifwiqwwwujuwh Zwjlqwlqwh wpwqwgmifml 



D 0 




PGp 


dll 0 

UU P(5\L 

dr 

did 

wu poh 

dr 


- (r» M ) 4 (V + s-^r) s <* = - r ps+g^y 


= + r ou 1 + t s 


1 c 


on T 1 ^i 1T 2 J c 
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li Smpui&nLpjuiti ShimLpjni_ti 







































> Hiqjiq h hiuljiuqiupApiugiupAiulj hmpiuphpiuljmh uipuiqnipjnihhhp\pptupuiijpJi^hhpJi 
AhulipnJunipjuihZiujljiuljiuh uinh^nipjnihhhpp 


fluqjir\ dUunJinJunipjuiG umGsnipjniGGtipp 


<ui4uir}uipd dUuiiJinfunipjuiG umGsnipjniGGhpp 


V° - 

y £\iX ~ 
= 


rit+sv&p 

-vk. 


v°, 

*PXji 


= v't+srlp 


vk, = 




^ h-pr/. hiuthill}wpqji hlquiinituiilp i[uiuhjil}ji niqjiq h uihqpuiquipAiluiApuiguipAiul} 
uipuiqnipjnihhhpji piuijiuqpji^hhpji AhuiipnJunipjuih Zuijl}uil}iuh mnh£nipjnihhhpp 


db 13 


dUuiiJmJunipjuiG umGsnipjniGGhpp 


^uiljuirpupd dhuujinJunipjuiG umGsnipjniGGhpp 


ul* = uk n +sul 


'PXO 


PXO 


t/L = uL+sul 


POX 


' POX 


ul 


POX 


-ul 


PXO 


UL = -ul 


POX 


^ j U-pij hunfmlqmpq]i hlquiiniluiifp ifuiubjil^ji niqjiq h mhqpuiquipAilmbpwguipdwlq 
uipuiqnLpjnLhhbpJipwqwrjpji\bbpji AhwipnJunipjwh ZuijIjwl]wh mnhsnipjm hhhpj] 


db 14 


nujjii} dhun]infunipjuiG uinGsnipjniGGbppp 


^uiljiuipupd dUuiiJinJunipjuiG umGsnipjniGGhpp 


t/po, - uko+suk. 


u l - 

^POU - 


-Ul 


p pa 


^Ppo ” ^Pop + SUm, 


TJ 1 - 

u p pa — 


-ul 


pop 


db 15 


> Hkpnqpjuii Zuijl}uil}uih uinh^nipjnihhhpjig hhinhnih hh np piuguipAuil} uipuiqnipjnihhhp]i 
niqjiq h huilquiquipA iniupiu&iuljiuhpuiquiqpji^hhpp Jipmp huilquiqjip hh 



db 16 


li SmjimbnLpjmli ShunLpjnLti 
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> 


cfb 17 


fiiqjiq h hiuljiuqiupApmgiupAmlj huipuiptipuiljiuh lupuiquignufhhpJipmqrnppji£hhp]i 
AhmifinJunipjmhZiujljiuljiuh uinh^nipjnihhhpp 



cFb 18 


^ h-pq huidnil}uipqji hlqmmifmifp ifuiuhjilqji niqjiq h luhppiupiupAiliuApiugiupAiulj 
iupuiquignii[hhp]i puiquiqpfehkpp. AliiuijinJunipjiuh Ziujljiuljmh mnlipjnihhhpp 



flii|]ii| dUuiiJmJunipjuiQ uinQsnipjniQQtipp 


Bam ~ 


’pax 
-®pax = 


^uiljuiquijid dLuiijinJunipjuiG umG^nipjniGGbpp 
Bam = B^ai + 


-B\ 


£1(5 



-B\ 


£(5l 


^ j U-pq hmifmljmpqji hlqmmifmifp niqjiq h mhppmpmpAilmApwgwpAwlj 

mpmqmgmifhhpjipmquiqpji^hkp]i AhmiJinJunipjmhZmjljmljmh uinIpmpjnihhhpp 


fluilii} dUuuJmJunipjuiG uinG^nipjniGGhpp 


^uiljuiipiipd dliuiiJinJunipjuiG umGsnipjniGGhpp 


cFb 19 


dO 

d £ ap 


B 


pap 


— ^ppa + ^®Ppa 
= ^Ppa 


dO 

^ppa 

^ppa 


— ^pap + *^Pap 


-B 


pap 


> ^kpnqpjmi Zmjl^ml^mh mnh^nipjnihhhpjig hhmhnLil hh np pmgmpAml[ mpmqmgnii[hkp]i 
niqjiq h hiuljiupmpA miupiuAiuljiuhpmqmqpji^hbpp hnijhiqbu fipmp hmlqmqjip hh 


cFb 20 
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(^mJmhmlQi li SmjimbnLpjmli ShimLpjni_ti 




















> Oqwi[hini[pmgmpAmlj huipmphpm lquih mpmqnipjmhhkpjipmqmqpji^hhpji (cfb_01)-ni( inpijmb 

pwhwAhkpJig, Ijumiuhiuhp np uijq pmqmqpji^hhpjig Iqmqifijmb ZuijlqmlqmhpuinmIjn luuijJl h 
mpmmhmjmmpjnihhhpp hmhqjiumhmif hh mjihqhpmlqmh huiumiumnih ifkbnipjnih 



(^V) 2 +«(^V)(^)+g(^) 2 

( 0 2 +S ( F eV)( 0 + £(^) 2 



tfb 21 


> 


Oqmi[hinil A-pq qjimmplqnq huiifuilquipqji hlqmmifmifp ifmuhjilqji niqjiq li mhqprnqmpAJiub 
piugiupAiul[ wpmqnipjnihhhpjipmqmqpji^hhpji (cfb_03)-ni[ mpijwb pwhwAhkpJig, l[uwiiihuihp 
np uijq pmqmqpji^hhpjig IqmqifijmbZuijlqmlqmhpuinmIqniiiui]J l h mpmmhmjmmpjnihhhpp 
huihqjiuuihniif hh mjihqhpmljmh hmummmnih ifkbnipjnih 



(UlJ + S(Ul,)(U' m ) + g(U' m f 
(Uloxf + S(U^)(UU) + g(UU ) 2 


= c 2 

= c 2 



tfb 22 


> Oqmijkinil [H-pq qjimmpljnq hmifmljmpqji hljiumifiuifp ifmuhjiljji niqjiq h mhqpmqmpAJiub 
pwgwpAwlj mpmqnipjmhhkpjipmqmqpji^hhpji (cfb_04)-mj mpijmbpwhwAhkpJig, ljummhmhp 
np wjq pmqmqpji^hhpjig IjmqifiJmb ZmjlqmljmkpuinmljniuiujJih mpinmhwjinnipjnihhhpp 
hmhqjiumhmif hh mjihqhpmljmh hmummmnih ifkbnipjnih 


tfb 23 



li Smpui&nLpjuiti Shimi_pjni_ti 
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> Oqini[hini[puiguipAuiIj hmpuiphpuiI}uih uipuiquignii[hhp]ipiuquiqpji^hhpji (cfb_05)-ni / li 
(cfb_09)-nil wpiluibpuihuiAhhpJig, Jih^iqhu huih (cfP_08)-ni[ wpiluiipiuniuljniuuijJih 
uipinuihuijinnipjnihhhpJig, uipiuqiugifiuhpuiquiqpji^hhpjig Iquiqifiluid Zuijlquilquih 
P uin ui Iqn iuuij/ i h uipm mh lujuin ipjn i h hhpJi h m iftup Ijummlnulip 


cFb 24 


(A |l ) 2 +«(A ( ,)(A 11 )+^^) 2 = (g-j* 2 )OM 2 

^ (^^) 2 +i(4 ( a)(4ja) + ?(4 M x) 2 = 0-jS 2 )tV) 2 


> 


cfb 25 


Oqmi[hini[ A-pq himfiulquipqji hljuimifunfp ifuiuhjilqji niqjiq h uihqpuiquip&ilui&piugiupAmlj 
uipuiquigniifhhpp. puiquiqp]i£hkp]i (cfb_07)-ni[ h (cfb_ll)-m( wpiluibpuihui&hhpjig, Jih^ujhu huih 
(cfP_23)-ni[ inpi[ui&puinuiljniuuijJih uipmuihuijmnipjnihhkpJig, lupiuquigifuihpuiquiqpji^hhpjig 
ljiuqi[ilui& Zuijlj ui lj uih p uin ui Ijn luuijJi h uipinuihuijmnipjnihhhpJi huiifuip Iquinuihuihp 


[ ' (fipw ) 2 +S(«Jw)(«iw) + g(Bko? = (g-jS 2 )(W 
^ (BUY + S(BU)(BU) + g(B'^) 2 = (g-js 2 )(fU ) 2 


> 


cFb 26 


Oqmi[hinil \JL-pq huiifuiljuipqji hljuiwifuiifp ifuiuh]ilj]i niqjiq h uihqpuiquipAilui&puiguipAuilj 
iupuiquignLi[hkp}ipuiquiqp]i^hhp]i (cfb_08)-ni[ h (cfb_12)-ni / wpiluibpuihui&hkpjig, jih^ujku huih 
(cfP_24)-nt[ mpiluik puinuiljniuiujjih tup in rnh lujuin ipjn ihhhpji g, mpiuqiugihuh piuqiuqpji^hhpjig 
Ijuiqililuib Zuijljuiljuih p uin uiljniuiujJih uip ui rnh uijinn ipjn ihhhpji huiifuip Ijuuiuihuihp 


^ (B^) 2 +^x^)+g (^) 2 = 
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li Smpui&nLpjuiti ShimLpjni_ti 




















> Zuipuiphpuil]uih uipuiqnipjnihhhpjig l]uiqifiliu& i[hbnipjnihhhpp lupwiuhiu]w 1(111 &piugiupAuii ! j 
hiupiuphpwljtub mpiuqnip]tubpuiquiqpji^hhpnil 



^ h-pq huiifuilquipqji hlquimifuiifp ifuiuhjil]]! uipuiqnipjnihhhpjig l]uiqi[iliu& ifhimpjnihhhpp 


iupwuihuijinilui& ifuiuhjiljji huiifmiqminmuJumhpiugiupAuil] uipuiqnipjuihpuiqmqpJi^hhpni[ 



> 


l ] JL-pi} hiuifuil]uipq]i hl]uiinifiui[p ifuiuhjilqji wpiuqnipjnihhhpjig lquiqi[i[uid rfh&nipjnihhhpp 
lupin uih uijuiil mb ihuuh]il]]i h ui ifui iq iu in m uJu m h puiguipAuil] uipuiqnipjuih puiq uiqpJi] hhpn z/ 



cFfc 29 


li Smpui&nLpjuiti Shimi_pjni_ti 
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%pj|pffipf| ShumliJi aiiuiijinjun^^ Hrliuip^rf £ffl{j|pri|prfk 
QUuiiJinlunLpjuiU SJibqbpuiljmb 2,mi|uiuuipnulbbpp Upmmhmjinijmb 
Puiguip^mlj Zuipuipbpuilpuh Upuiqni_p]uib Puiqmqp]i^bbpiu[ 


> 


cfb 30 


Uuiuh]il[]i niqjiq puipdPmh qjnnmpljifmh qhiqpmif (cfP_29)-niJ mpilmh Zmjljmljmh niqjiq 
AlimijinJunipjmh mjihqhpmljmh huiiluiuuipniifhhpp mpmmhmjmiJmA hmifmiqmmmujumh 
pmgmpAmlj hmpmphpuiIjmli mpmqnipjmhpmqmqpji^hhpnil 



> UmuhJiljJi niqjiq puipdifmh qjnnmpljifmh qhuqpnnP(cfP_30)-niJ mpilmd Zmjlqmljmh hmljmqmpA 
A li m ijinJan ipj m h mjihqhpmljmh hmijmumpniifhhpq uipmuihuijmilui b huiifuiiquimuiujuuih 
puiguipAuiihmpmphpmljmh mpmqnipjmhpmqmqpji^hhpnil 



> 


cffc 32 


ITmuhJiljJi mhqupmqmpAilmd puipdifmh qjimmpljifmh qhiqpmif (dP_31)-ni / mpilmd Zmjljmljmh 
niqjiq AhmiJinJunipjmh mjihqhpmljmh huiiluiuuipniifhhpp uipmuihuijmilui A huiifuiiquimuiujuuih 
pmgmpAuilj hmpmphpmljmh mpmqnipjmhpmqmqpji^hhpnil 



> UmuhJiljJi mhqupmqmpAiJmd pmpdifmh qjimmpljifmh qhiqpmif (cfP_32)-niJ mpijmd Zmjljmljmh 

hiuljiupiupA AhiuijinJimipjmh mjihqhpiuljiuh hiuijiuumpnnfhhpp mpmiuhiujmiJiuA 
hmifmujmmwuju lu hpmgmpAmlj hmpmphpmlj iu h mpmqnipjmhpmqmqpjijhhpnij 


cffc 33 



CdTai — 


dXa = 



(CdTa\i) + 




v°. 

~^dX< 




-^(cdL 


(5\L j 
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d^miluitiuilQi li Smjim&nLpjmti ShimLpjni_ti 








































> Uiuuh]il[]i niqjiq pwpdifiuh qjiuiuipliifwh qhiqpniif (cfb_30)-nij uipiJuiA AhuiiJinJunipjuih 
huiijuiuuipniifhhpjig Iquuiuihuihp ifuiuhjilqjipiugiupAiul] uipuiqnipjuihpuiqwijpJi]hhpJi 
Zui]l]uil]uih niqjiq AhuiiJinJunipjuih uijihqhpuilquih huiiluiuuipniifhhpp 



> Uiuuh]il[]i niqjiq pwpdifuih qjiuiuipliifwh qhiqpniif (cfb_31)-ni / uipiJuiA AhuiiJinJunipjuih 
himluiuuipniifhhpjig Iquuiuihuihp ifuiuhjil]]ipiugiupAiul] uipuiqnipjuihpuiquiqpji^hhpji 
Zuijl]uil]uili huilquiquipA AhuiiJinJunipjuih uijihqhpuiljuih huiiluiuuipniifhhpp 



> UuiuhJiliJi luhqpuiquipAiJuihpuipdifuih qjiuiuipl]ifuih qhiqpniif (db_32)-mj uipijuid 

AhuiiJinJunipjuih huiijuiuuipniifhhpjig Iquuiuihuihp ifuiuhjilqji piugiupAiul] uipiuqnipjiuh 
puiquiqpji^hhpji Zui]l]iul]uih niqjiq AhuiiJinJunipjuih uijihqhpuilquih huiijuiuuipniifhhpp 



> UuiuhJil]Ji uihqpuiquipAiluihpuipdifuih qjiuiuiplqifuih qhiqpmif (cfb_33)-nij uipijuid 

AhuiiJinJunipjuih huiijuiuuipniifhhpjig Iquuiuihuihp ifuiuhjilqji piugiupAiul] uipuiqnipjuih 
puiquiqpji^hhpji Zui]l]uil]uih huilquiquipA AhuiiJinJunipjuih uijihqhpuil]uih huiijuiuuipniifhhpp 



li Smpui&nLpjuiti Shimi_pjni_ti 
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> UmuhJiljJi niqjiq puipdifmh qjimmpljifmh qhujpmif(db_34)-m / mpijmb AhmiJinJumpjmh 

hmijmumpniifhhpjig Ijumiuhiuhp ifmuhjiljjipiugiupAiulj uipiuqiugifiuhpmqmqpji^hhpji 
Zmjljmljmh niqjiq AhmiJinJunipjmh mjihqhpmljmh hmijmumpniifhhpp 


cFb 38 



dO 

n £\l(5 


Bp\iG 


V° V 1 

+S\B° 




PXG + g— 


IB 1 


PaG 


v° 

^ Dl 

r d pXg 


V 1 

nO 

—^—D 


PXG 


cfb 39 


> UmuhJiljJi niqjiq pwpchfiuh qjimmpljifmh qhujpniif(db_35)-nij mpijmb AhmiJinJumpjmh 

hmijmumpniifhhpjig Ijumiuhiuhp ifmuhjiljjipiugiupAiulj mpmqmgifmhpmqmqpji^hhpji 
Zmjljmljmh hmljmqmpA AhmiJinJunipjmh mjihqhpmljmh hmijmumpniifhhpp 



B 


PXG 




lk +s lk ]B° 


V'w 


t~ w* + g c 




V! 


Q D £\10 


V 1 

pO 


> UmuhJiljJi mhqpmqmpAilmdpmpdifmh qjimmpljifmh qhujpmif (db_36)-nij mpijmb 

AhmiJinJunipjmh hmijmumpniifhhpjig ljummhmhp ifmuhjiljji pmgmpAmlj mpmqmgifmh 
pmqmqpji^hhpji Zmjljmljmh niqjiq AhmiJinJumpjmh mjihqhpmljmh hmijmumpniifhhpp 


cFb 40 



dO 

d £(5\l 


BpG\l 


V° V 1 

[PpX 


15 ° 


pgx 


V° V 1 

rppx Dl ^ppx d0 

r d pgX r d pgX 


+1 IB' 


POl 


cfb 41 


> UmuhJiljJi mhqpmqmpAilmdpmpdifmh qjimmpljifmh qhujpmif (db_37)-nij mpijmh 

AhmiJinJunipjmh hmijmumpniifhhpjig ljummhmhp ifmuhjiljji pmgmpAmlj mpmqmgifmh 
pmqmqpji^hhpji Zmjljmljmh hmljmqmpA AhmiJinJunipjmh mjihqhpmljmh hmijmumpniifhhpp 



B 


PGX 


B&0), — 




V l m 


t~ pJW + s— 


l^pop 


V° 

v Pip 


v 1 

pi pO 

Q °£0\l q D £(5\Jl 
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li Smpui&nLpjuiti ShimLpjni_ti 
















































PuiguipAiui'{ UbdnLpjnLhhhpJi Puiguiijpp^kbpp SkuiipnpinLpjmk 
^miJmumpnLifhkpp UpUp. uijfa PwguipAmlj 

^^Mqnipjmb AMpwiM$fw6! AM^&qpp^kkpM^ 


U]u pmd]ili]i huitiqjiuuitmul t tiuifunpq puidtiji mtiiljiguilpiiti t[htiuuil[uiti 
2uipnLlimljnLp]nLlip U lihlip uiju puidtmul Ipiuiuitiuitig dmiiuiliuilj}i U 
uiuipm&ni_pj mil, puigiup^ml^ uipmqni_pjuiti nL puiguip&uili uipuiquigiluiti 
pmqmqp]i^lilip]i ^UimJinJunLpjinli hmv[mumpnuililipp mpmuihuij mi]ui& iljiuijti 
pmgmpdmlj hmpmphpuilpnti mpuiqni_pjuili muipui&uilpnti puiquiqp]i^lihpni|: 


dmdmhmlQi li Suipui&ni_pjmti ShimLpjni_ti 
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Puigmp&uili 


Smpmbmljmli 


dQ 01 


> Oqwilhinil(db_21-23)-nil wpi[iu&puiguipAuili uipiuqnipjuihpuiquiqpji^hhpji iquihiquihifuih 
piuhuiAhhpJig h inL&him[qpuihp npiqhupiunuil^niuji himluiuuipniifhhp pum piugiupAiulj 
uipuiqnipjuihpi[iuj]ihpuiquiqpJiphkp\Ji, ljumiuhiuhp hhmlijiui lupmiuhiujmnipjnililihpp 


< 


flirQiq uipuiqnipjniGGbp}i huiduip 


v° 

y £\\L 


TT 0 


Ap^n - yS —^r- > 0 


u: 


P|j.a 


= A 


v 


a 1 e 


r/ 1 

1 r 

2 d C 


Ppa 


> 0 
> 0 


li < 


<iu4iuipupd uipuiqnipjniGGhpJi huiduip 


s 


V° 


it 0 

U P(5\ 


A > V V * 

Appx - —d - 


> 0 


ul 


Apex - yS ^p- > 0 


u 


pen 


= A 


pap 


v 


TJ l 

J_ _ypep_ 

2 ^ C 


> 0 


> fipui hij Zmlimljuih ifbbiu in um / ui if pi] m jn i[ bp ui h m Ij bgji hp hbmhjmi uipiniuhiujinnLpjnLhhhpp, 
npnhp iqbmp l //illbh ppui 1/mb ibbbnLpjmbbbp 



> 


(JS_03 


ZuiifuiAuijh (cfb_16)-]i, niqjiq h huilquiqjip uipuiqnij&jnihhhpJi huiifuip ifhbuiinuin /uiifpqui 
qnpbuiliJighhpp fipuip himluiuuip hh 
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li SuipLUi&nLpjuiti ShimLpjni_ti 






















































> Oqwi[kinil tfinJuuiquipA. qJiuiuiplqiluiApiugiupAuilj huipuipkpwl[uih uipuiqnipjmhhbpji 

(cfb_01)-ni/ wpi[iu&puihuiAhkpJig, Ijuipnq blip AhuiiJinJunipjnihhbpJi quiififui qnp&uil[Jighkpq 
lupmuihuijmbi hnp hkpifni&iluiA ifbbuimuin iiuifpqui qnpbuil^Jighbpni[hhinhjuii Ijbpiq 



> Oqmi[bini[ A-pq qjimuiplqnq huiifuilquipqji hlquimifuiifp ifuiuhjilqjipuiguipAuilq uipuiqnipjmhhbpji 
(cfb_03)-ni[ wpiluibpuihuiAhkpJig, Ijuipnq blip ifuiuhjilqji quiififui qnpbuil^Jighbpp tupuimhuijinki 
hnp hbpifnibi[uib huiifuiiquimuiujuuih ifbbuimuin iiuifpqui qnpbuilqjighbpnilhbmhjuii l[bpiq 


tf2_05 



> Oqmi[binil [H-pq qjimuipl^nq hiuihuljiupqji hljiumifiuifp ifmuhjil^ji piugiupAiulj uipuiqnipjnihhbpji 
(cfb_04)-ni/ mpi[mbpwhwAhbpJig, Ijiupnq bhp ifmuhjiljji quiififui qnpbmli]ighbpp uipmuihuijmbi 
hnp hbpifnibi[tub hiuifiuiqminmuJnmh ifbbmmmn iiuifpqui qnpbml^Jighbpni[hkwhjuii l[kpiq 



li Smpui&nLpjuiti Shimi_pjni_ti 
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> 


(JS_07 


Oqmi[hini[(cfb_01)-Jig h (cf2_04)-Jig j \ mbquil]uili hiupuipbpuiljiuli lupuiqnipjnihlibpp l]uipnq 
blip wpinwhui]mbipiugiupAmlj hiupiupbpmljiuh uipuiqnipjuih miupiubmljiulipuiquiqpji^hbpnil 



> 


cF3_08 


Oqmi[binil(cfb_03)-Jig h (cf8_05)-Jig\ A-pq qjimuiplqnq hiuihuljiupqji hlquimifuiifp i[uiuhjil]]i 
inhqml]mh lupuiqnipjnihhbpp l]uipnq blip mpinmhmjinb[ ifuiuhjil]]i piugiupAiul] wpiuqnipjiuh 
hmifmiqmmwujumh iniupiubiuljiulipmqmqpfi]hbpni[hbinhjiui l]bpiq 



> Oqmi[binil(cfb_04)-Jig h (c?Q_06)-]ig, \JL-pq qjimuiplqnq huii[uil]iupq]i hlquimilimfp ifuiuhjil]]i 
mbquilquili uipiuqnipjnihlibpp l]uipnq blip uipinuihuijinbi ifuiuh]il]]i puiguipAiul] uipuiqnipjuih 
h m ifw iq m miuuju m h miupiubiuljiuli p mq mqpfi] hbpn i[ hbinhjiui l]bpiq 
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li Smpui&nLpjuiti Shimi_pjni_ti 




































> Oquiilhinil (c?b_01-04)-ni/ li (c?3_01)-ni / wpi[ui&puihui&hkpjig, niqjiq ifk&uiinuin iiuifpqui 
qnp&uil[]ighkp]i h huiifuiiquiinuiujuuih Zuijlquilquih quiififui qnp&uil[]ighkp]i ifjiph Iqumuihuihp 
hhmhjiui uinh^nipjmhhhpp 



> bmjhiqhu oqmi[hini[(cfb_01-04)-ni/ h (cF8_01)-ni( wpiluibpuihuiAlikplig, huiIquiquipA 
ifhkuimuin iiuifpqui qnpbiuIjJighhpJi h huiifuiiquimuiujuuih Zuijlquilquih quiififui 
qnp&uil[]ighhp]i ifjipli Iquwuihuihp hkmhjuii uinh^nipjnihhkpp 



> Shquiljiuli hiupuipkpuilquih uipuiqnipjmhhhpjig li AliuiijinJunipjuih huiifuiiquiinuiujuuih quiififui 
qnp&uil[}ighkp]ig I^uiqifiluik uinh^nipjnihhhpp uipmuihuijmiluibpiugiupAmlj hiupiuphpiuljiuh 
uipiuqnipjiuh muipuikuilquihpuiquiqpfehkpnil 



li Smpui&nLpjuiti Shimi_pjni_ti 
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Puiguip^mlj Zuipmptpml|uib Upmqni_pjinb Smpuibuilpnb Puiquiqp]i^btipni[ 


> 


tf2_13 


> 


tf2_14 


> 


tf2_15 


> 


tf2_16 


ITuiuh]iljji niqjiq puipdifuih qjiuiuipljifuih qhiqpnnf urnmhgpuipi[hpji gji^^hphhg]iui[hhpji 
Ziujljiuljiuh niqjiq AliuiiJinJunipjiuh mjihqhpiuljiuh himliuuuipniifhhpp 



ITluuhjiljji nujJiij puipdifuih qjimmpljifmh qhiqpnnf urn m hgp uipi[hpji ijjififihp h hg]i ui[ hhpji 
Zuijljiuljiuh hiuIquiquipA AliuiiJinJunipjiuh mjihqhpiuljuih himliuuuipniifhhpp 



ITuiuhJiliJi uihqpiuquipAiliuhpiupdifuih qjimuipljifiuh qhiqpniif urnmhgpuipi[hpji 
qjitytykpkhgjiuiihkpji Zuijl^uil^uih niqjiq AhimjmJunipjuih mjihqhpuilquih himliuuuipniifhhpp 



lTuiuh]iliJi luhqpuiquipAiluihp^updifmh qjiuiuipljifuih qhiqpnnf tunuihgpuipilhpji 
qJiQQhphhgJuuihhpJi Zuijljiuljuih hiuljiuquipA AhuiiJinJunipjuih mjihqhpuiljiuh himliuuuipniifhhpp 
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li Smpui&nLpjuiti Shimi_pjni_ti 







































> Ifmuhjiljji niqjiq 2 m pdifuih qjiwwpliifwh qhiqpniifpiugiupAiulj uipuiqnipjuih 
puiquiqpji^hhpp. niqjiq AhuiiJinJunipjuih mjihqhpuilquih himluiuuipniifhhpp 



> If muhjiljji niqjiq 2 m P^ m ^ L pjiuiuiplqifuih qhiqpniif piugiupAiulj uipuiqnipjuih 
puiquiqpji^hhpji hiuljmqmpA AhuiiJinJunipjuih mjihqhpiuljiuh himluiuuipniifhhpp 



tfS_17 


tf2_18 


> If muhjiljji uihqpiuquipAiluihpiupdifiuh qjimiupljifiuh qhiqpnnfpiugiupAiulj mpiuqnipjiuh 
puiquiqpji^hhpp. niqjiq AhuiijinJunipjuih uijihqhpuiljuih himluiuuipniifhhpp 



> If luuhjiljji mhqpiuquipAiluihpiupdifiuh qjimiupljifiuh qhiqpnnfpiugiupAiulj mpiuqnipjiuh 
puiqmqpji^hhpji hiuljiuqiupA Ahmijinjunipjmh injihqhpiuljuih himluiuuipniifhhpp 



u 


PG/. 


— Aplu + rrS 


V 1 

1 r, 


PA|i ' 2 ^ Q 

V 1 

y 


t^GU + g 


V 1 

y q 


PXp \ JT \ 

U POp 


UU = ( Aziu-±S-^- \UL,--^U? 




'Pop 


v\ 

ij 

Q 


da 20 


li Smjim&nLpjmti ShimLpjni_ti 
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> LTmuhJiljJi niqjiq 2 m pdifmh qjimmpljtfmh qhiqpniifpiugiupAiulj uipiuqiugifiuh 
puiqmqpji^hhpji niqjiq Ahmijinjunipjmh mjihqhpwljwh himluiuuipniifhhpp 


(JS_21 


> LTmuhJiljJi niqjiq 2 m pddmh qjimmpljifmh qhiqpniifpiugiupAiulj uipiuqiugifiuh 
pmqmqpji^hhpji hiuljiuqmpA AhmiJinJunipjmh mjihqhpiuljiuh huiiliuuiupniifhhpp 


tfS_22 




> 


tf2_23 


LTmuhJiljJi mhqpiuqiupAiJiuh puipdifmh qjimmpljifmh qhiqpnnfpiugiupAiulj uipiuqiugifiuh 
pmqmqpji^hhpji niqjiq Ahmijinjunipjmh mjihqhpiuljiuh hmijmumpniifhhpp 



> 


(JS_24 


LTmuhJiljJi mhqpiuqiupAiJiuh puipdifmh qjimmpljifmh qhiqpnnfpmgmpAmlj lupmqmgifmh 
pmqmqpji^hhpji hiuljiuqmpA AhmiJinJunipjmh mjihqhpiuljiuh hmijmumpniifhhpp 
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li Smjim&nLpjmti ShimLpjni_ti 






































QimJn i#1g 



g b g QnjiduiliJighkpgi tiijpuuihnwt bb 

SJihqhpuil^uib <iiWMMWWMMJk ffMtUfgA®Mkbjp 


Uju pmdtmuf bpbp mmppbp |ibbpg]imp hmiiml|mpqbp]ig (A-pq, pi-pq b V-pq hmiimlpnpqbpjig) 

qJimmplpiLii bhp liJibbnLjb O Lfmuh}il[}i 2UipdnLiip: Cbq nprnii uqq bpbp mmppbp JibbpgJmq 
hmiiuilpiipqbpjig libbp IpnqiinLii bhp bpbp mmppbp qjimmplpiq hmiimlpnpqbpji qnijqbp 
(A, |i), (A,V) b (|i,V), npnbg mbuuihlqnLhJig LfmiihJiliJi uinmhgpmpL|bpJi q]immplpimb qbiqpnLii, 
qiqni_p]ni_h IpiLhbhuih bpbp mmppbp mqjiq b huilpiiquipA. &bmiJm]miLp]mb 
hmv[mumpnLiibbp: 3 nLpmpmbynLp qjimmplpiq JibbpgJmq huiiiuilpiipqbpji qmjqji qbiqpnLii 
hmdmLqmmmuJmnh AbmiJinJunLpjiiih S b g qnpduil[Jighbpq, mifbbmpbqhmbnLp qbiqpnLii, 
Ipnpnq bb pfihbp mmppbp hmummmnili libbnLpjnLhhbp: Phmlpnhuipmp 

AbimJmJunLpjnLhhbpJi uqq hmummmnili qnpdmlj]igbbpp JipuipJig mmppbpml|bpiL hmiimp 
libbp l^uiqpbhp qpmbp bplpiL umnpjih gmgjqbbpnij, npnbp l^bh m]q qjimmplpiq 
JibbpgJmq hmiimlpnpqbpji qmjqp: Pulj qjimmplpjnq iiuiubjil|ji uinmbgpmpijbpji b 

Zuij Ijuilpuh lijigmlpiq pbp Ji q JbJ^bpbhg Jiuqhbp Ji pmnuilpiLuui] Jib uipmuihui] lump] mbhbpJi 
umnpjib gmgjqhbpji libg libbp iJiuilpuq&bpnLii l[h2mqpbhp bmb AbunJmJunLpjuih limubml^Jig 
IjpmiJnpmljmb hmiimljmpqji gmgjqp: 


dmiimbml^Ji b Suipui&nLpjuib 2,m]l[mlpub SbunLpjmb 
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A- p!1 U n-pp 
Cuipdilnn 
.UllbuiUUK 



fflkul i|in Ju0Jitp|lii SJibqbpuiljuiti 


eft 01 


> T-JiuiiupljiJnq O ifiuuhjiljji uinuihgpuipijhpji qjij)j)hphhgjiiuihhpji Ziujljiuljiuh niqjiq 
AhunJinJunipjuih uijihqhpmljiuh huiijuiuuipniifhhpp 



cdT^ i(^)o 


1 +S^\cdT l( ^) + (g.^-\dX l{ ^) 


^ c 


X\i 


dX^ys — -r-iedTx^c) 


In 


cft_02 


eft 03 


> T-JiuiiupljiJnq O ifiuuhjiljji luniuhgpiupijhpji qjij)j)hphhgjiiuihhpji Ziujljiuljiuh hiuljiuqiupA 
AhunJinJunipjuih uijihqhpuiljuih huiiluiuuipnulhhpp 



1+Vt 


dX m ~ ^(cdT^) 


( cdT u(;_)o) r u/ . 



> A-pij h [H-pp JihhpgJiuii huiifuiljuipqhpjigqjiuiuipljijnq O ifiuuhjiljji hiuifiup Ziujljiuljiuh 
ifjipuiljuijphpji qjijijihphhgjiuiihhpjipuinuiljniuuijjih rnpuiuihuijuinipjnihhhpji uihupp, 
npuihq S h g huiuuiuiuimh qnp&uiljjighhpp mhhh qjiuiuipljnq huiifuiljuipqhpp hpnq 
hplqni uuinpjih gnigji^hhpp 


(dbi(\i)a ) (cdT x ^ a ) + Sip (fdT^y j ) (dX x ^ G ) + (dX } ^ a ) > 0 
(df7n(i)a ) = (cdT^ ))o ) + S^i ( 'cdT ^ 0 ) (dX^ Q ) + (dX^ G ) > 0 



> Chqnpnuf S h g huiuuiuiuinih qnp&uiljjighkpp, huiifuiAuijh (h_02)-Ji h (t:_06)-Ji, huiifui^unji hh 


eft_04 
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li Smjim&nLpjmti ShimLpjni_ti 




































'Trjiwiupliilnri O ifiuuhjiljji uinuihgpuipijhpji qjijyfjkpkhgjuuihkpji Ziujljiuljiuli niqjiq 
AhuiiJinJunipjuih uijihqhpuiljuih huiijuiuuipniifhhpp 


tft_05 


> 


^Jimuipljilnq O ifiuuhjiljji uinuihgpuipi[hpji qjifjfjkpkhgjiuiihkpji Zuijljiuljiuh hiuljiuqiupA 
AhuiiJinJunipjuih uijihqhpuiljuih himluiuuipnulhhpp 



1 + $vx J 1 (cdT V (i^ ) + (g^ ,V 1 (dX V Q^ ) 


dX, 


v(l)o 


C 

Kx 


Vk 


(cdT v{l)(5 ) 


vx 


(ft_06 


^ h-pq h V-pq JihhpgJiuii hiuifuiljuipqhpjigqjiinuipljilnq O ifiuuhjiljji huufuip Zuijljuiljuih 
ifjipuiljuijpkpji qjijijihphhgjiuiihhpjipmnuiIqnimuj/ih lupuiuihuijwnipjnilihhpji inhupp, 
npinhq S h g huiumuimnih qnp&uiljjighhpq mhhh qjiuiuipljnq huiifuiljuipqhpp hpnq 
hpljni uuinpjih gmgji^hkpp 


d-t_07 


> S h g h uiumuimnih qnpbuiljjighhpq (cfk_04)-Jih hiuifuihifuih, hnijhiqhu hiuifui^uiiji hh 




li Smpui&nLpjuiti ShimLpjni_ti 


125 


































Usman wn fiuiumijmpatirmai ^nmnmnuuui 

■W UfiMipii anudigpmpHtipp •rogGpnggHi 
uiibuitiuib SluuthnhiniBiuiU ShhqhnmbiuU Zuidiumunnu 


> I'Jimiupljilnq O ifiuuhjiljji mniuhgpiupilhpji pji^^hphhgjimihhpji Ziujljiuljiuli nipjip 
AhuiipnJunipjuih mjihqhpuilquih huiiluiuuipnulhhpp 


eft 09 



edTy^y j 
6 &v(n)o 


1 + 


c 
V 


HV 


^^H(v)o ^ {CdT ^(v)o ) 


HV 


eft 10 


> r }]iinuipljilnri <3 ifuiuhjilfji uinmhgpmpilhpji ijji^^hphhgjiuiihhpji Zui]^uil{mh huiljuiquipA 
AhuuJinJunLpjuili wjikqkpuilpuhhunluiuuipnunikpp 



CdTyJyfi 

dX^(y)Q 


1 +S^\cdT^) + (gJ^XdXw) 


vn 


-X- (cdT V (^G ) 


v»x 


^ fd-pp h V-pp JihhpgJiuii huiifuiljuipqhpjigpjimuipljilnp O ifuiuhjilqji hiuifiup Zuijlquilquih 
ifjipuilquijphpji pji^^hphhgjiuiihhpjiptunmIqnlumj/ih tupuiuihiiijwnipjnihhhpji whupp, 
npwhp S li g huiumuimnih qnp&uil[}ighhpp mhhh pjimuipljnp hiuifuilquipqhpp hpnp 
hplqni umnpjih gnigji^hhpp 


eft 11 




< 


(db^f = K, v)t ) ! +v(^v)K V )i) + ^.Kv)») ! > ° 

(dbvtujv) = (pdT^y^ + Svn (cdT vllija ) (dX ^^) + 6 f v u (^t(u)G) > 0 


eft_12 


> S k g h uiumiumnih qnp&uil[]ighkpp (cft:_04)-]gh hiuifiuhifuih, hnijhiphu hiuifui^unp hh 
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(^mJmhmlQi li Smjim&nLpjmti ShimLpjni_ti 






































^ h-pq JihhpgJimihmifml^mpqJig ifjihhmjh qjimmpl^ilnq O ifuiuhjiljji huiifuip Zuijlquilquih 

ifjipmlimjphpji qji^^hphhgjiuiihhpjipmnmIqnlumj/ih hplqm muipphp mpmmhmjmnipjmhhhpp 



) + ( C ^(n)o ) K(,) 0 ) (^X(n)a ) > ® 

(<A(v)a ) + (^(v)a ) K)c ) + £xv (^X(v)o ) > ^ 




^ jU-/2i^ ]ihhpg]iiui huiihulquipqjig ifjihhmjh qjimmpljilnq O ifuiuhjilqji huiifuip Zuijlquilquih 

i[Jipwl[wjphp]i qji^^hphhgjiuiihhpjipmnmIjnlumj/ih hpljni muipphp mpmmhmjmnipjmhhhpp 



(f d ^f <1X>) + 'V( C ^n(l)(j)(^M(l)<j) + ? 1 ix(^m(X)o) > ® 

( cdT ^y +s ^( cdT ^)(d x ,m ) + g f v( dx ^y > o 




^ \Z-/2i; JihhpgJimihmifml^mpqJig iSJihhmjh qjimmpl^ilnq O ifmuhjilqji hmifmp Zuijljmljmh 

UJipmlimjphpJi qji^^hphhgjimihhpjipmnmIjn luiuj /ih hplqm muipphp mpmmhmjmnipjmhhhpp 



(fdT\(\)o ) + ^ Vk (cdT^y, ) (^v(X)o ) + 8vl (^v(X)o) > ^ 

( C ^v(n)o ) + S ^ ( C ^v(n)o ) ) + £vn (^v(n)o ) > 0 




> 


cfiudiuhiuljji h Siupiubnip]lull Zmjljmljiuh Zuimnilj Shumpjmh mnmpjih hjiilhmqpnijpjig 
hhmhmif t nppninp ilhpnqpjiui Zuijljiuljiuh UJipmljiujphpJi qfi^ljihphhgjiui[hhpji 
pmnmljniufihhpp iqhmp t jjihhh fipmp hmi[mump 



^Jiui wiil^ui & K^-Jig 

Ky-Jig 


{d^f 

{dbp 1 

(d^f 


(d ) 

(d b\i(k)o) 

(d&v{l )<3 ) 





li Smjim&nLpjmti ShimLpjni_ti 
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> 


tf£_17 


(cft:_13)-nil uipijuib uipuiuihuijuinipjmhhhpJi ifhp, X-pp pjiuiuipljnp JihhpgJiuii huijJui^uipqJig 
pjiuiuiplqiluii O iluiuhjilqji uinuihgpuipilhpp Iqiiijuiluib±hh Iqpunlnpuilquih iJJi^ui^niiSquihijnp 
hi-pp (quid' V-pp qnijqphlqhp pjiuiuiplqnp JihhpgJiuii hiuduilquipqhpjig, hhuihuipuip uihpji mhji 



> 


<J£_18 


(c?h_14)-nij mpijuih lupuiuihuijuinipjnihhhpJi dhp, j U-pp pjiuiuiplqnp JihhpgJiuii huiduilquipqjig 
pjiuiuipljijiu& O duiuhjilqji uinuihgpuipi[hpp IjiuJinJiuh±hh IjpuizJnpuiljiuh ijjiduilqnidquihijnp 
X-pp l[uiil V-pp qmjqphlqhp pjiuiuiplqnp JihhpgJiuii huiduilquipqhpjig, hhuihuipuip inhpji mhji 



> 


<J£_19 


(cfh_15)-nij uipijuih lupuiuihuijuinipjnihhhpJi dhp, V-pp pjiuiuiplqnp JihhpgJiuii huiduilquipqjig 
pjiuiiupljijuih O duiuhjilqji uinuihgpuipilhpp IjiuJiuJiuh±hh Iqpunjnpuilquih ijjiduilqnidquihijnp 
X-pp (quid jJi-pp qmjqphlqhp pjiuiuiplqnp JihhpgJiuii huiduilquipqhpjig, hhuihuipuip mhpji mhji 



> 


cJ£_20 


Zuidui&uijh (c?h_04)-Ji, (cfh_08)-Ji h (c?h_12)-Ji S h g qnp&uilqjighhpp huihpjiuuihniif hh 
huidui^unji dhbnipqnihhhp h uijp Jiuli uqmuidiunnij ilhhp ppuihp huiifuiphgjihp Iquiqnih 
(invariant) dhbnipqnihhhp unjjuii pjiuiuiplqnp qmjqphlqhp huiduilquipqhpnid 
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(^mJmhmlQi li Smpui&nLpjuiti Shimi_pjni_ti 
























> (dt;_13)-ni / wpiluibZiujl^iul^uih Iquijmh ifjipuil^uijp]! piunuilqniujih qpi[iu& uinuihg 

jL l-pq h V-pq ljpuii[npiuljiuli qjimuipljnq JihkpgJiuii himhalquipqhpji gnigji^hhpji 



(cdT M ) 2 + S^{cdT lt ,)dX x „ + g^(dX M f 
(cdT ir ,) + S>\<(cdT jG )dX /G +g lv (dXx„) 


d i t_21 


> 


(c?k_14)-nil wpilwbZuijl[iul[iuh Iquijmh i[Jipiuljiu]p]i puinmlqniujih qpiluib uinuihg 
A-pq li V-pq Iqpuiilnpiulqiuh qjimuipljnq JihkpgJiuii hiuifuilquipqhpji gnigji^hhpji 



{cdT ) + S ^/. ( cdT)dX^ 0 + (dX ^ G ) 

{cdT ^ 0 ) + S^icdT ^ )dX 1^0 + g^ v (dX ^ a ) 


cft_22 


> 


(cf£_14)-ni/ uipiluib Zui]l]uil]uih IjuijnLh iIJipuilpujpJi ptunuiljnLuJih qpi[uib uinuihg 
A- pi] h Id. -pi] l]pun[npuiljuih qjunwp l]iiq JihkpgJiuii Invd'uiljuipqhpji gm gjish bpji 



(cdT V0 ) + S yi(cdT V a)dX VG + g^{dX V(5 ) 
(cdT vc ) + Sy^icdTya )dX VG + g^(dX„) 


tft_23 


> 


Hhpnqpjuii hphp qnijq Zuijljiu^iuh Ijiujnih i[Jipuiliiujpkp]i uipmiuhuijmnipjnihhhpJig hhmliniif 
hh np S h g qnp^uiJjJighhpJi iffipli iqhmp k mkqji nihkhuih hkmlijiui hiuiliuuuipnipjnihhhpp 



d i t_24 


li Smpui&nLpjuiti ShimLpjni_ti 
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^ S qnp^uil^jighkpji ((Ft;_2Q)-ni[ h (cfk_24)-ni[ wpiliub uinh^nipjnihhhpp qpi[iu& iSJiuiuJih 


eft 25 



Svk 

Sv» 


r 


$X\i 

^ < v 

S* 


= S M 


= s 
= s 


HV 


V 


vn 


> 


cft_26 


g qnpbuilqjighkpji (cft:_20)-nil li (cfk_24)-m / wpiluib uinh^nipjnLhhhpp qpi[iu& ifjiiuujih 



^ S h g qnp^uil^jighhpji t[hpnqp]iuiiunli^nij&]nilihhpp huiiJiuinhq ini^hinil l^hiuifnqi[hhp np 
muipphp qnijq gnigjishhpnil uijq qnpkmljjighhnpJinuip huiiluiuuip hh, hhmhuipuip qpuihp 
huiiinhuiuhniuhh inhhqkpuil]iuh hiuumuimnili ifkknipjmhlikp, npnilhkinli biujuduio shh 
qjimuiplqnq JihkpgJiuii niuifimjiupqhpji phmpnipjmhpg 


cft_27 



cft_28 


Ujuiqjium} bbbg miquignLgbgJibg S li g qnpbuil[]igbbp]i m}ibqbpmlpiih hmumuiuiniAi jJihbpiL 
ijiuiump, npp huibqjiuuibnul t 2 mui tpupbnp uipq]ni_bp: UJiuijb lijimlj upnhuihgp uijb b, 
npiqbuq]i Zmjlpnlpnti b}i 2 uilpii]g]i qli^bpbhgliuqji gmnmlpiuiuijjib rnbupp yjihji uijpiiubpi]mk 
b hnmni[ bbp np libp mjibqbppp, nprnbq uiiqpnul blip ilbtip, hbbg mjqiqjiujib b b qpui qn]ni_p]uih 
iimpbiimm]iljmljmb iquijiiuibp hbmbjuqb b- 
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cFuiiIuihuilQi b Suipui&ni_pjmb 2,ui]l[uilpiib Sbimi_pjni_b 























Jhluihi}uil}wb Zuip.uipkpuilimMwjp/mb JSnn^pifft Kip 

(ZghuiduiUfi 3nLguii}pniifji b 

<0mbkMbufflk mml Jfepiwja^ywJI mb dfamgy^nilf 


Ubp m 2 juuiuinLp]inli uinuigjiti U bpljpnpq hmmnplibpnui, Jili^iqbu tiuih uqu hmuinpnLii, bpb 
libbp oquiuiqnpfrnul bbp «2,uijlpnlpiib 2mpmpbpuilpnbnLpjuib SbunLp]nLb» bqpni_]pp, uiupn 
huiulpnbnLiI bbp uqb, np ilbtip qmpqmgpb]^ bbp mi|uibquilpiib hmpmpbpmlpnhni_p]uiti 
mbunLppLbp, uqb quip&pb^ bbp un|b|]i pbqhuibpuigi|uib mbunLpjnLb umuibuipnl mv[b|]i 
phqhuihni_p &hun]m]unLp]uib huii|umuipnLiIbbp, ummbmpiv[ mpmqnLp]nLbbbp]i b 
mpmqmgnuibbpji &hun]in]unLp]uib un]b|ji pbqhuibnLp mnb^ni_p]ni_bbbp b uqjb: Puqg 
uuiuibuipiL[ uii]b]]i pbqhuibpuigijmb hmi|uiuuipnLiIbbp b umbpLpjnLbbbp, 
mjbnLmilbbuijbJiTj libbp libuigb^ tjibp uii]uibqmlpub hmpmpbpmlpnbni_p]uib mbunLpjuib 
hJiiibmqpnL]pbbp]i, huiulpugnqnLpjnLbbbpJi b ^]iq]ilpiilpiib ilbfcnLpjnLbbbpJi 
b2uiqpnuibbp]i 2P2 ul h ul lll 1 ^^2- Zbuibuipuip bbp m2juuiuinLp]uib bplqmpq hmuinpnLii 
pmp&pm&mjbijmb ^qbmdmiip n^_pb «2,uqlpulpub 2mpmpbpmlpubnLpjuib SbunLp]uib» u]uuq 
iJibbpiL upum^mnmj bp, urq uqb hbmbmbp tp uiijuibquilpub huipuipbpuilpubnLpjuib 
mbunipjmb iib2 qnjnLpjmb mbbgnq ^]iq]ilpiilpiib iibhnLp]nLbbbp]i ujuui[ 
iibl^bmpmbnLp]nLbbbp]i b huimlpniqbu uibhupnq b2mqpnLiibbp]i: 


d'mbmhmlQi b Suipui&nLpjuih Zuqliuilpub Sbumppib 
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> Upuiquigifuih uuihifuihniifhhph pum cFuiihuhiulj}! h Smpmbnipjmh Zmjlqmlqwh Shunipjuih 


tfC 01 


<uipuiphpui4iuG uipuiquignulGhpp 

r 

^ Afl = 


UuiuGJiyi uipuiquigniGGbpp 


< 


- 


dV^ 

dTty 

dVyX 

dT\ix 


r 


U < 


Big — 


- 


dUia 

dT)(j 

dU^c 

dl\io 


> IrpinuipJqnq hunfiuljmpqhpp ifinJumpuipA pjimuipl^iluib dunfuihuil^hhpji ifjipli 
Zuijlqmlquih uinh^nLpjnLhhkpp 


tfC 02 



dTty = l\+s 

dT\,x = [\ +S 


V ,a 




)dT, 




m 


Xu 


> 


tfC_03 


Shui^inJunLpjuih Zuijljml^iuh quiififui qnpdial/figkLp /? djivli ipnJuuiqmpA uinhsn l pjn l hhhpp 



> 


(JC_04 


Ziupiuphpiul^uih mpmqnipjnihhhp\p h iiipuiqmgnulhhp\ft AliiuiftnJimipjnihhbpft 
Zmjljiuljmh mnh^nipjnihhbpp 
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d'miiuilimlq]! li SuipLUi&nLpjuiti Zuijlqmlqmli ShimLpjni_ti 


















































Umubpljp qjimmplji[iub diuifmbmljbbp]i ijpf>f>bpbhg]im[hhp]i hmpmpbpnipjnibbbpp 


cJC_05 


> Uphbmjb hmdmlqmpqhg mmppbp hmifmlqmpqbph npmmplqdmb nbmpmif wbqp mhbh 

mnb^mpjmbbbp, npnlig hwdwpdhp mnb^nipjmbbbnp luiliubqiuqiuli hiupiup bp tub mbnipjiuli 
mbumpjmb if bp iqiupqmiqbu qnjmpjmb ^mbbb wbnwpnq bpmqpmifbbpp uqwwAwnnil 



< 


dT\y 

Wto) 

dlys 

r(tV) 


dTy^ 

dT^ 

nv*) 


dTi\x 

dT\c 

dT^x 

dT^G 



cfC_06 


> If wuhjiljji tupwqnipjnibbbpp AhmiftnJimipjmb Zuijljiuljmb mnb^nipjnibbbpp 



cfC_07 


> 


Ifmubplqp mpwqnipjnibbbpji Ahmipnpmipjmb pbpnqpjmi Zmjlqmlqmb mnb^nipjmbbbpp 
mbiubgbbp pum h m Um iq m m m upi mb qpmmplqi[mb dm ifm bmljbbpp 



cfC_08 


li Smjim&nLpjmti ShimLpjni_ti 
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> Upuiquigifuih uuihifuihniifhhph pum uii[uibijuilquih hiupuiphpuilquihnip]uih mhunipjuih 


tfC 09 


^mpwphpuilpuG ui]iuiquigniGGtip]i 


UuiuGJibli uipuiquignuSGbpp 




a = 


< 


a = 


V 


dv 


c 

b = 

du 

dt 



dt 

dv 1 

dt' 

b’ = 

du 1 

dt' 





tfC_10 


llijmhqmlpnh hmpmpbpmlpnbni_p]uih uibuni_p]uib dbg qjimuiplpiq hmiluilpnpqbp]i 
iJmJuuiquipA. q]imuiplp[mb duiifuihuil[hbp]i hmulpngnqni_p]ni_bp humuilq ^b b hbuibiupuip 
qpuihg lijigb uinhyii_p]ni_bhbpp hmulpntiui|]i ^bh b uqb hb 2 uini_p]uiilp 2 1 l m P 1 l nu ^ t 
2 uipdv[np iimubjilq]i qjimmplpjuib dmiimbmlqbbpji Ipnil ubijiuilpiih dmiiinbinljbbp]i 
hmulpngnqni_p]uibhbp]i hbm, np}i hbmbuibpnij bp uinuiguihnul b ]umnhm 2 i]inpnLp]ni_b b 
dqbuiduiil: 


> 




ShiujpnJunipjuih Zuijljiul^iuh qiuififiu qnpbuilqjighhpp ifjipli ipnJuuiquipA uinh^nipjnihhhpp 



> Ziupiuphpiuljiuli uipuiqnipjnihhhpji AliuiiJinJunipjuih Zuijl[uiliiuh uinh^mpjnihhhpp 


cFC_12 
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dmdmtimlQi b Suipui&ni_pjmb 2,ui]l[mlpiib Sbimi_pjni_b 




























> lTuiuh]il[]i ijfi in inplj limb dm ifm h mljhkpfi ijpf>f>hphhgpiu[hhpp hmpmphpnipjnihhhpp 


cfC_14 


> Umuhplip mpmqnipjnihhhpp Ahmipnpinipjmh Zmjljmljmh mnh^nipjnihhhpp 




> 


Umuhplip mp mqn ipjn ihhhpp All m ipnpin ipjiu h p hpnqp] ui[ Ziujlj m lj m h mnh^nipjnihhhpp 
m&mhghhp pum hmifmiqmmmujumh qpinmpl/pmd dmifmhmljhhpp 



cfC_16 


li Smpui&nLpjuiti ShimLpjni_ti 
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> U&uihgkinil(cfC_16)-ni/ mpi[mA mpmmhmjmnipjmhhhpJi uip IjnqiSp li mpmqnipjnihhhpfi 
ui&iuhgjiuihkpp ipnJiimp]ihh[ni[hmi[uiuqminuiuJiimh lupuiquigniifhkpnil, Ijumiuhiuhp 




> Hhpnqpjuii wnh^nipjnihhhpji ifhp IjJipiunhinil(cfC_14)-ni[ wi[iu& wpwwhwjwnipjnihhkpp, 
iupiuquignii[hhp]i huiifuip Iqummhmhp hkwlijiui Ahiuijin\Junipjiuh rnnli^nipjnihhhpp 


tfC_18 


> 'TLmpqkghhinil i[kpnqpjmi rnnli^nipjnihhhpp ifmuhjilqji lupiuqmgnufhhpJi AhiuijinJimipjnihhhpji 
hmifmp Iqummhmhp hhmhjmi mnh^nipjnihhhpp 


(JC_19 


> Upmqmgniifhhpji i[kpnqpjmi mnh^mpjmhhhpp]ipmp qmifmphinil Iqummhmhp n± JihhpgJimi 
qjimmpl^nq hmifmlimpqhpji ifjiph hiupiuphpiuljiuh mpmqmgmifhhpji wnh^nipjn ihhhpp 


cFC_20 




[y{u)fb = [; y{u')fb ' - y(w')[y(v')]V 
\ W)Yb' = [r(u)fb - y(u)[r(v)] 2 a 
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li Smjim&nLpjmti ShimLpjni_ti 


































> Zuipmphpmlqmh iupuiquignii[hhp]i ifjiph (cFC_20)-niJ wpjjwb i[hpnqpjiui uinh^nipjnihhhpp 
qphhp hhwhjiui mhupnt[ 


> ghpnqpjuii wnh^nipjnihhhpji ifhp l}Jipwnhini[(cfC_ll)-ni/ h (cfC_13)-mJ wpiluibpninp 

uihhpuidhpin wnh^nipjmhhhpp, hiupiuphpmljmh uipuiquigniifhhpji huiifuip Ijumiuhiulip 
hhwhjiui AhmiJinJunipjmh wnh^nipjnihhhpp, pum Zuijlqwljwh mhunipjiuh ifhlqhiupuihnipjuih 


(fC_22 




y{u)[y(v)] 2 a = 
y(u')[y(v')] 2 a' = 


- r(M')[r(v')]V 

- Y(M)[y(y)fa 


cfC 21 


> Z iup uiphp ill lj tub uipuiquigniifhhpji ijhpnqpjuii Ahiu JinJim ipjui h uin h^nipjn ihhhpji ifhp 
mhquiqphinil S = 0 h g = - 1 , Iquuiuihuihp uijq AhuiiJinJunipjuih uinh^mpjmhhhpp puui 
mijmhqmlqmh hiupiuphpiuljiuhnip]iuh mhunipjiuh 



<E>n}umqmp<l qjimuiplpiq n^_ Jibbpg]raq huiilmlpnpqbp]i ilj^b qn]ni_p]ni_ti nLbbgnq 
huipuipbpuilpnb uipuiquignLifbbpp Ijuipnq bti l|mjuv[uib ]Jilibp ifjiuqb ijin]iimqmp<i 
hmifuilpnpq]i 2 m P c hIuib uipmqnLpjnLbJig b uipuiquignul]ig, puqg bppbp Jib^ np 
Ipnifuijmlpnb pbmpi]uib q]imuiptp[nq ilmubjiliji uipuiqnLppLbJig: ^bpnqpjixq puibui&bbpp 
gnijg bb muijjiu mijuibquilpnb huipuipbpuilpnb mbunLpjmb libg qn]ni_p]nib nLbbgnq Junp 
^qbuidmiip, npp hbmbmbp tp «q]imuiplp|uib duiiluibuilp> huiulpngnqnLpjuib ujuuq 
libl^bmpmbiimb m. 2uim uibhu^nq b2uiqpnLiIbbp]i, b npnbp tp huibqjiuuiguib uiifbbuulbb 
qbpbqiimbmpmpbpp uii|uibquilpuib huipuipbpuilpuibnLpjuib huimnLlp mbunLpjmb 2t 1 Pl 11 ^l 1 b: 


cFC_24 


dmbmtimlQi b Suipui&nLpjuib 2,ui]t[uilpiih SbunLpjmb 
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tfC_25 


> U&uihghinil(cfC_08)-nil mpi[mb mpmmhmjmnipjnililikpJi mp Ijnqilkpp, uijhnihhmli Auiju 

Ijnqifmif ifmukjilqji qjimmplqi[mb diuifmhiuljhhp\ji pfiftfikpkhgjiiu[hhpji hiupmpkpnipjnihhkpp 
ipnjumpjihhinil(dC_05)-ni[ mpt[mb hmifmvqmmmujumk mnh^mpjnihhhpnil li ipnjumpjikkinil 
hiuli mpmqnipjnikkkpji rnbiuhgjmihhpp hmifmujmmmufumli mpmqmgniifkkpn ^' Ijummlnulip 



r(Uu) 

new 


B\g 


< 


mi*) 


HO 


V 


FWfl i +^ - ^ - +s 


rl 



[r(^)f \ 

[ r ( t /„„)] 2 "7 


1 


[n*V)r( * +s ~^~+g 


V»Vu 



|nMl dT^, 1 

[r((/w )] 2 dTi„ iM J 


> 


tfC_26 


Hkpnqpjwi mnh^nipjnihhkpji mp Ijnqifmif hnpjig ljjipmnkini[(cfC_05)-ni/ h (cfC_06)-ni[ 
mpi[mbpninp mhhpmdkpm mnh^nipjnihhhpp, mpmqmgniifkkpji AhmiJinJunipjmli hmifmp 
Ijummkmkp hhmhjmi mnk^nipjnikkkpp 



[TVWf J R ]TWf_ 1 
[m*)Y r” [r(fv)]* 
IW*)? f„ [r(^)] 3 . 1 

w^r-w^w^s 


> 


&C_27 


'V.wpqkghkinil i[kpnqpjwi mnh^nipjmhhkpp Ijummlnulip i[muh]il[]i mpmqmgniifhkp\Ji 
Akmi]in]unipjmli Zmjljmljmk mnh}_nipjnilihkpp 


[ f [r(c/ w )] 5 ft 0 = [r((/ M0 )] 5 v - [r(>v)]lv 


> 


tfc_28 


Upmqmgnii[likp]i i[kpnqpjmi mnli^nipjnihhkpp Jipmp qmi[mpkini[ Ijummlimlip ]ikkpg]im[ 
qjimmpljnq hmifmljmpqkpp. djipk hmpmpkpmIjmh mpmqmgniidkkpp. mnk^nipjnikkkpp 


I ir<MX 2 ^ - ° 
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li Smjim&nLpjmti ShimLpjni_ti 


































> Zuipiuphpuiljiuh iupuiquignii[hhp]i (cfC_28)-ni[ uipiluib uinh^nipjnihhhpji ifhp whquiqphinij 
(cfC_03)-nil uipilmbZuijlqmlqmh quiififui qnpbiuIqjighhpJi hmifuiiquimuiujuiuh iJinJuiuqiupA 
mnh^mpjmhhhpp, Iqummhmhp (cfC_04)-ni( inpijuibhmpmphpiuljmh uipiuqiugnijJhhpJi 
AhmiJinJunipjmh uinh±nipjnihhhpp, h qui gnijg t inui]_[iu np hiuljmunipjnih qnjnipjnih±mhji 



> Pul[ uiijwhqwl[wh huipuiphpuilquihnipjuih mhumpjmh Uhp huipuiphpuilquih mpmqmgmilhhpji 
AhmiJinJunipjmh uinh^nipjnihhhpji ifjipli rnkqji mhhh hkwhjuii mhhhphp mnh^nipjn ihhhpp 
npni[hkinh qpuihp vquipnihuilqnulhh huih Jmifmjmlimh i[muhjilqji mpmqmpjmhhhpp 



Hi^iqku mkuhnuf blip <<<dmbmhuit[]i h Suipuidni_p]uih Zmjlpnlpnh Skuni_p]uih» ilb£ 
q]immpt[ijuifr hmpmpkpuilpnh mpuiquignulhkpp, huiilui&uijh (d ; C_29)-Ji, Ipnjuijuifc bti ifjiurjh 
iJmJuuiquipA. q]immplp|ui& hmpmpkpuilpnh mpmqni_p]ni_hhkp]ig k hmpmpkpmlpuk 
mpmqmgnulkkpjig: ^ul^ mi]mkquilpnk hmpmpkpmlpnhni_pjuiti mkuni_p]ni_kp 

puiijmpmpnijl uijq ptiuilpnti upnhuikgjih, npm|hbmb (<JC_30)-mj mpijuid &kmi]in]unLp]uik 
mnkyii_p]ni_khkpp lpujui]mh hh hrnli Ipnbuijuilpnh q]immplp[nq huiuk]iL[]i 2 m P c hIuih 
mpmqni_p]ni_kkkp]ig: U]q ujuuqji iquim^mn hh hmhqjimnhnui «q]immplp]m& duiiluihuilp 
hmul|uignqnLp]mh n^_ ^Ji2 lxl bhllhmpmhnLp]ni_hp h 2 uim uikhu^nq h 2 uiqpnLiihhpp: 

Uju hnijh uipq]ni_kpp lihhp Ijuipnq tjihp uuiuihuip huih un]k]]i lpnp<£ ^uikuiiquiphnij krnju 
ui&uihgkpm[ (cFC_12)-in[ mpi|ui& huipuipkpuilpnh uipuiqni_p]ni_kkkp]i &kmi]in]unLp]uik 
Zmjlpnlpuk mnk^nLp]ni_kkkpp h mjhni_hkuili oqmi]kpm[ q]immplp|m& dmiimhml^hhpji 
(cfC_14)-m[ mpi|ui& hmpmpkpnLp]ni_kkkp]ig: Puqg lihhp phmpkgjihp kplpnp ^uikunquiphp 
npiqkuqji umuikuijjikp huili iimuh]il|]i mpmqmgnuihhp]i &kmi]in]uni_p]uik mnk£ni_p]ni_kkkpp: 


cFC_31 


d'uiiiuilimhh h Suipui&ni_pjmti 2,m]t[mlpiiti SkumpjnLk 
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1 


Uhp m 2 juuiuinLp]mli iu]u bppnpq huimnpp libbp uibijmhhgjihp U SuipuibnLpjuih 

Zuijlpulpub ZinuinLl^ ShunLpjnLb», npp pni]mqni_]tiu t pbnLpuiqpnLii libp mhunLpjuib pnib tnLpjnLbp: 
«2,mmnLlj» bqpmjpp h2uihuilpiLii t np uqu hmuinpnLii hJnibuilpuhnLii pbhuiplplnLii t uijb qbiqpp bpp 
qjiuiuiplpiq huiiiuilpupqhpp huihqJmuihnLii bb JibhpgJiuq hmiiuil^uipqbp (Jihmpljb Zuijlpulpuh 
liblibmpuibnLpjmiip): Puig]i qpuibjig uqu bppnpq hmuinpnLii ifbtip pbqnLhhg]ihp np pnpip qjiuiuiplpiq 
b q}immplplnq hmLfuilpupqhpp nibbli liJihbnLjb «lj2linp», uijujibph Jib^ np mnnLiim[ huiiiuilpupqhpp 
Jipuip huuiuipdhp bb: l?u\ pb Jib^_t qui h 2 uihuilpiLii iqmpqIppunbui hm 2 npq huimnphhpji ilbg- 


<<<dmiiuihuil|]i b SuipuibnLpjuih Zuqlpulpub ZuimnLlj SbunLp]mb» ilbg bnpni|Ji iihl[hmpmhhqiL[ npn2 
2mm Ipuphnp hmulpugnqnLpjnLhhhp, libbp Ipupnquiguihp pnishp hplqinpq hmmnpnui pmgmhm]unjuifc 
b uiL|mhqmlpuh hmpmphpmljmhnLpjuih mhunLpjuib lihg pnLjb qpuib ^qbmdmiip, Jibpqhu bmb 
b2bg|ibp ^uibiuiquiph limubjil^bbpjig lpuqiii]mb puiqiinLpjuib 2uipdiiuib JubqpJi piLbiiuib hmiimp: 


Ubbp miqmgnigbgjibp bmb, np «(dmiimbml|]i b SuipuibnLpjuib Zuijlpulpub Zuiuim!} SbunLp]nLbp» 
hmpnLum t bnipp b qdijuip piipnbhpfi, 2 mm qbiqpbpnLii uii|mbqmlpub iqmml|bpmgnuibbp]ib ]u]ium 
huilpuunq mbuupuulqji qmquii]impbhpnL[ b dbljbmpmbnLpjnLbbhpnL[: Ubp m]u iquimljhpmijnp 
qpgnLii, npp bm]mnmhm|mb t juqb 2P2 m h m llhhpli hmiimp, libbp lijiuijb liuipnLp dmphiiuiuijilpulpub 
linmbgiimb li^ngm}, Ipupnquiguibp liji bnp qjiuiuilpub hhqui2P2 ni -h uiupuhnL|hp dmiimbmlj]i b 
muipuibnLpjuib huiulpugnqnLpjnLbbhp]i pnLumpuibiiuib b libljbmpmbiimb hmpgbpnui, Jibpqhu bmb 
nLqqbb2bg]ibp <£mbmiqmph miibbmpbqhmbnLp b lijimgjmp mbunLpjmb IpunnLgiiuib hmiimp: 


«cfmiimbml^]i b SuipuibnLpjuib Zuqlpulpub Zmmmlj SbunLp]nLbp» LfmphLfmmJilpiphb mjbpmb IjnLD b h 
Ipumuipjuq, np uqb ^1 Ijmpnq pfibhp ujuuq: Zbmhmpmp libp lpiqii}ig uipmuibi]mb Zuqlpulpub 
^bmxJmJunLpjmb hmL[mumpnLiibhpp n^_ lijiuijb iqhmp t ijin]ump]ibhb hnphbgji ^bmiJinJunLpjmb 
hmL|mumpnLiibhpp, uip miipnq2 mpr^Ji ^>]iq]il^mb iqhmp t bnpjig qpijji: IlpnL[hhmb uiijmbqmlpub 
hmpuiphpuilpubnLpjuib mbunLpjmb &bun]in]unLpjmb huii|mumpnLiibhpq b lijmu puibui&hhpp 
hmbqJiumbnLii bb libp bnp mbunLpjmb &hmi]in]unLpjmb huiL[mumpnLiibhp]i b pnpip lijmu 

pmbm^bbpji ii]nujb liji 2 uim iimubmL[np qbiqpp, bpp S = 0 b g = -1 : 


Uju hmmnpnLii mbq qrnuib pmqnLii &bmi]in]unLpjmb huiL[mumpnLiibhpp b 2 mm m }]_ Ipuphnp 
uinhyiLpjnLhhhpp hhplpujuigL|mb bb 2 mui hmljjip^, hmiimp] m mnmbg uiupugnLjghhpJi h 
pbpbpgnqbbpp iqhmp t qnphmqphb puii]mpmp guihp JibpbnLpnLjb umnLqhpiL libp pnpnp puihuuUihpp: 


ti} i]hp2unqhu libp m2]ummnLpjmb mju bppnpq hmmnpnLii qm_p huihqjnqhgjip qmpiimbmhpm2 
iibl|bmpmbnLpjnLbbhp]i h uijhiqjmji bnp nL qhqhg]it[ puibuuUihpJi npnbg Il2|umphp mbubnLii t 
uinu^Jih mbqmii h npnbp l^mpnqnLpjnLb mhhh pmpbi]m]uhpnL liuipqlpiLpjuih miqmqmb umbqhbpiL[ 
liji bnp Upiibbn]iqbbp]i nuljb quipui2P2uih qhpb hnqhlpuh, iimmL[np h $]>q]>lpulpuh pnpnmnLpjnLbJig: 


^hggh Zmjl^ml^mb PJiuinLpjuih ^hpuiquippnhpp 
^hggh PJiuinLpjuih Uh2 Zuijljmlpnh ZbqmiJinJunLpjnLbp 
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dmbmhmlQi b SmpmbnLpjmb Zmjbmljmb SbunLpjnLb 
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Zb q]itiml[tibp]i Zuiifuinnui ^bliuuiqpm-pjnLlitibpp 



1915-1921pp. Zuqlpnlpnb Ub b 3bquiuupnbni_p]ni_b]ig i]iplp[ui&bbp]i hbmbnpq fbnpbpm 
XjUiqinpjinbp bliv[h^ t 1948p. Oqnumnuji 7-Jili, fcpbuib punpnpnul: b]ibbpu[ ilj^binlpnpq 
qiqpngji mi[mq quiuuipuibnul, 1966p. bin ifuiubuiligbpu[ 2,ui]uiumuib]i buipbbuim]ilpn]]i 
o|Jiiiiq]imqm]]ib uuiuigbp b uinui 2 ]ib lpnpq}i ilpguibuilp 1966-1971pp. uni|npb^ b fcpbinbji 
'ILbmuilpnb 2niifuipiuipuib]i 3)]iq]il|m]]i ^uilpiiqmbmni_il U uuiuigbp mbuuipuiti ^>]iq]iljnu]i 
npuilpni]npnul: 1971-1973pp. bin uni[npb^ b t 2 il]nnbb]i hnqbnp &biluipuibnijl b uuiuigbp 
uiijuipmuilpnb i]lpnjuilpnb nL uuiplpni]uiq]i Ipiyiul: 1978-1984pp. bui uiquimuiqplp]bp b 
(7 muipji) limpqnb Jipuiijni_bgbbp]i b Zuijummuib]i }ibgbnpn 2 ifuib }ipuii]ni_bg]i upn]guip]i hrniimp: 
Liu mbuuilpnb ^)Jiq]il|m]]i muiqmpbqnui ni_bji pmqnui hbquii]in]uuilpnb quiquiijiuipbbp b 
^hpuimuipuil[ijui& hnqijuifrbbp, npnbp uiqmunui bb puipbbupnum duiiluibuil[bbp]i, npiqbuq]i 
puiguihuijmi]bb b hpmmmpuilp[bb: Lin ni_b]i bpbp npq]i, ilblq qnmrnp b i]bg pnnbbp: 
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2009-2011pp. bin hui^injub^ b ^bbqbjji 'ILbmuilpnb JRnpbg b ui]bni_hbmb mbqun]in]m[bi^ b 
^uipfi^nnbjiui Luihuibq]i Lnpppjigli huibuipnnpuib, nprnbq b 2015p. bui umuigb^b Jip !|>]iq]ilpiu]i 
npuilpni]npnulg: 2015-2016pp. bui quiuuiijuibqbp b ctjbbqbpfi 'TLbmuilpnb JRnpbgnuI, npiqbu 
iqpn^bnnpji oqbuilpnb: 2016p. bui ii2 mm k m ^ 1 pbuilpii_p]ni_b b huiumuimb^Zuijuiumuibnuf: 
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